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Shoots of nine species of tall-tussock (ChionochZoa) 
and their associated soils were sampled from 141 sites 
throughout New Zealand. Data for each site are given as: 
Site descriptions; soil physical properties; pH; available 
Ca, K, Mg, Ca; three forms of readily soluble phosphate, and 
inorganic phosphorus fractions; shoot lengths and weights; 
concentrations and weights of P, S, N, K, Na, Mg, and Ca for 




Macro-element Composition of Tall-tussock (ChionoahZoa) Shoots, and 
Topsoil Physical and Chemical Properties in New Zealand 
INTRODUCTION 
Knowledge of the biology of Chionoahloa~ tall-tussocks or snow 
tussocks, was recently expanded by giving attention to the levels of macro-
elements, structural carbohydrates. and lignin analysis. from several 
species of tall-tussocks found In the eastern high country (Connor et aZ. 
1970). These workers Indicated the intraspecific and Interspecific 
variation !n habitat or shoot composition for the few specles.studled from 
parts of South !sland east of the Main Divide. They stressed that 
variation In mineral composition of fleldcol1ectlons Is 11 un11kely to be 
explained without careful attention to the nutrient supplying power of 
different solls 11 • Such a survey was therefore Initiated In 1969 by 
K.F.0 1 C.and S.M. of Lincoln College, with P.N. (Grasslands Division DSIR) 
doing the plant analyses, and J.L.G. (Ministry of Agriculture and Fisheries) 
the soil analyses, 
Results from the 17 sites sampled by S,M, formed part of her masterate 
thesis which was completed In 1971. In the same year, P.A.W. enrolled for 
a PhD at Lincoln College and over the next three years, a further 124 sites 
were sampled. The purpose of this publication Is to bring all the ensuing 
. 
results together, primarily as a referable source of Information. 
Sites were selected to cover as far as possible~ the full range of 
climate and soil sets supporting tall-tussocks, in'both North and South 
Islands. !n actual fact sites tended to be concentrated east of the Main 
Divide, a reflection of the pre-existing state of tall-tussock grassland 
knowledge and of accessibility. Sampl;ngs away from this region tended 
to be rather opportunistic, and concentrated at points of access to the 
grasslands i.e. Mount Arthur Table Land and Murchison Mountains. 
the variation In species found more In the high-rainfall areas e.g, 




2.1 FJeld Sampling 
For each of the species at each site, several shoots were collected 
from eight or 12 tussocks picked at random from an area approximately 
10m2. These were cleaned of all dead sheath material and either (a) 
kept separate for Individual tussocks when It was required to estimate 
the variability of the populat~ons or (b) bulked for each species at the 
site. Samples were left at air temperature for two or three days during 
transport to the laboratory where they were stored at -2.0-0.0°C. 
At most sites, soil samples were taken for chemical analysis from 
8-12 places near the base of the tussocks sampled. With a 2 em diameter 
corer, samples were taken 10 em deep and bulked Into a plastic bag. 
At most sites sampled by two of us (P.A.W, and K.F.0 8 ~). two or three 
topsoil samples were also taken from each, using a cylindrical sampler 
10 em deep and 701 m1 in volume. The litter layer emerg!ng above the 
cylinder was cut off, and the core pushed into a plastic bag, 
Laboratory Procedure 
Plant Material 
After thawing, each shoot was cut at the junction of the outermost 
live sheath with the stem, The lower stem was discarded~ and the remaining 
green shoot straightened along a ruler and measured to the nearest 0"5 em, 
before all leaves were dissected out and countedo Each leaf was divided 
into three components: 
(1) Sheaths: Including the mature sheaths of the outer-most leaves and 
the Immature sheaths and white leaf bases of the Innermost leaveso 
(2) Green blades: 
(3) Dead tips: the distal dead portion of each leaf, This component was 
sometimes difficult to distinguish clearly from the green blades, 
especially In C,rubrao 
Shoot weight refers to the sum of these three componentso 
All the sub-samples were cut into ca. 5 em lengths, dried at 80°C 
in a forced draught oven, weighed, and ground in a Christy and Norris 
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hammer mill to pass through a 1 mm sieve. Chemical analyses were carried 
out on the three components for each of eight to 12 tussocks per site, or 
on the bulked samples. 
2.2.2 Plant Analyses 
For potassium, calcium, sodium, and magnesium, sub-samples (o.40g) 
~ere ashed at 520°C for 3~ hours then dissolved in 2N HCL and made up to 
0.4N HCL solutions. Potassium, calcium, and sodium were determined by 
flame photometry using a Technlcon Auto Analyser. A Techtron atomic 
absorption spectrophotometer was employed for the magnesium samples. For 
phosphorus and nitrogen analyses, subsamples (0.21g) were digested by the 
Kjeldahl method. The elements were then determined co1ourimetrlca11y in 
the clear diluted extract using the autoanalyser. Phosphorus was determined 
by a modified molybdate- vanadate- complex method (Kitson & Mellon 1944) 
and nitrogen by the alkaline phenate method, Sulphur subsamples (0.30g) 
were heated with Mg(N0 3)2 followed by digestion with HCL04 (Blanchar et aZ. 
1965) and the sulphate sulphur produced was determined turbldlmetrica11y 
(Garrldo 1964) on the autoanalyser using EDTA washes between samples to 
remove deposlted·B~ so4. 
Element concentrations are expressed as mg/g dry weight. Weight of 
elements per shoot component, sheaths, green blades, and dead t!ps, are 
expressed in milligrams. The sum of elements In these three componsents 
gives the weight of elements per shoot (mg). 
2.2.3 Soils 
Bulked soil samples were air dried, crushed with a roller after the 
stones had been extracted and passed through a 2 mm sieve. Material from 
the large core samples was air dried and used to determine bulk 
density, percentage stones, and weight of fines (<2 mm fraction), 
Sub-samples from each site were used to determine standard Ministry of 
Agriculture and Fisheries Quick tests for pH, Ca, K, Truog P (Mountler 
et aZ, 1966) and Mg (McNaught & Dorofaeff 1965), Readily soluble 
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phosphorus was also extracted by the Bray No. 1 method, and by a modified 
Olsen method using 2.2 m] of< 2 mm sofi1 shaken for 16 hours with ~00 ml of 
bicarbonate extractant (Grigg & Stephen 1974). For several soils selected 
to cover a range of ta11-tussock species and soi]s, the inorganic phosphorus 
was fractlonated follow! ng the procedure of wn Hams et aZ. (1967) 9 
a]though the 2nd HCL extract~on of these authors Is used and the residual 
inorganfic P as not extracted. The concepts and nomenclature of the fractions 
obtained are discussed by Wl11nams & Wadker (1969). Sohnble Si.dphate-S was 
extracted In 0.01M mono-calcium phosphate at 1:5 sol1 to extractant ratio. 
2.2.4 Site Numbering System 
Sites are numbered from 1 to 141. Where more than one population was 
sampled from the same site~ the second and subsequent popu]atlons are 
Indicated by lower case ]etters i.e. 76~ then 76a. Populations sampled 
on more than one occasion are indicated by additional numerals I.e. 76.1, or 
76b.1, then 76b.2. In one case, Site 76~ so11 samp1es were analysed from 
four populations as described. The sol] properties are also indicated by 
lower case letters I.e. 76a. 
The approximate 1ocation of each site fis indicated in Figs 1 and 2. 
They are grouped into geographical regions~ pdmar!]y for ease of m.smberh1g 11 
beginning in Flord1and, and working up to North !s]and. 
Information was derived and c~ass!fled as fo11ows~ 
Altitude~ usua]]y from altimeter readings~ othe~ise estimated from 
NZMS 1 series maps. Sites were further c]asslfied into a]titudina] 
zonatfions following Wardle (1964): H. a."' high alpine; 1 .a. 9 1owe1F 
alpine; s.a., subalpine; m11 montane; w.t. 11 warm temperate. 
Precipitation: estimated from the nearest rain gauge, New Zealand 
Meteorological Service~ Miscel]aneous Pub]ficatfions 109 being the most 
important. Sites were ranked into six classes, after reference to Coulter 
(1967): A, <700 mm p.a.; B~ 700-1000; C~ 1000-1500; D, 1500-2500; 
E, 2500-3500; F >3500o 
Aspect: usually derived from a compass bearing, otherwise estimated by 
sight. 
Slope: estimated by sight. 
Land element: after Speight (1968); C, crest (r, ridge); H, hill slope 
(u, upper; m, mid; 1, lower); T, concave foot slope; F, convex foot 
slope; P, plains; W, water course. 
Microrelief: 1, flat; 2, concave convex; 3, plano concave; 4, plano 
convex; 5, terraced. 
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Parent material: from soil pits dug out at each site, and the geological 
map of New Zealand (New Zealand Geological Survey, 1972). 
Drainage class: follows Taylor & Pohlen (1962), pp 38-39. 
Soil classification: follows Taylor & Pohlen (1962). These were ascribed 
from field observations only, and they do not necessarily follow the soil 
sets indicated by N.Z. DSIR Soil Bureau maps. 
Soil set: from N.Z. DSIR Soil Bureau (1954 & 1968). 
Map reference: Sites 13-18 are from . NZMS 155, and Site 19 from NZMS 
18. All other sites are from NZMS 1 series. 
Date: the month and year are given for each collection. 
Apart from the author•s Initials others who collected samples were: 
A. Cunningham, A.P. Druce, M. McGlone, and L.F. Molloy. Their addresses 
are included in the acknowledgements. , 
Crown ~over of ChionoahZoa sampled 
4, 50-75%; 5, >75%. 
. '-; 
1, 0-5%; 2, 5-25%; 3, 25-50%; 
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2.2.7 Tussock Analyses 
Results of bulked samples are shown by a single value. Results of 
populations sampled as individual tussocks are indicated by means! 95% 
confidence limits, unless otherwise stated as: 
(b) Where dead tip material was bulked before analysis, confidence 
limits apply to sheath plus green blade only. 
(c) Where dead tip material was not analysed, means and confidence limits 
are for sheath plus green blades only. 
Weight/length ratios (mg/cm) were calculated from the means for each 
population. 
Tables 6 and 7 s;ow that for the Fiordland populations, most of 
which were collected within a few days of each other, coefficients of 
variation for all elements were similar for sheaths and green blades. For 
all other populations sampled as individual tussocks, coefficients of 
variation were calculated for green blades only. Apart from the Flordland 
populations being excluded from Tables , with the exception of the 
grand mean at the end, within species groupings one similar to the 
proceeding tables. The exception Is the North Island C.paZZens 
populations which are combined. 
As the species of ChionoahZoa are very similar in their floral structure, 
vegetative characteristics of the leaves are important in distinguishing 
between species (Zotov 1963, 1970). Much of the variability within the 
genus still remains undescribed (Burrows 1967, Druce 1968, Wardle 1973, 
Williams 1975 ). Some attempt has been made in tables following the primary 
site information, to group the tall-tussock populations. The following 
notes: mentions differences between the descriptions given by Zotov 
(1963, 1970) and those encountered ln this work; points out those populations 
that could not be readily classified; explains groups that have been used 
in the following tables. 
C.fZavesaens 
It has been suggested there are at least two distinct taxa within the 
existing species C.fZavesaens~ one found mainly in young soils, as in eastern 
Canterbury, and the other within older soils (Williams 1975 ). A11 South 
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Island populations !n the present work, excluding the Flordland populations, 
and with the possible exception of Sample 20 from Haast, could be grouped 
with the 11eastern Canterbury 11 taxon. The Haast population was not seen 
by P.A.W. growing in the field, however, and has been grouped with other 
South Island populations in the following tables. 
C.rubra 
This species has been grouped Into North and South Island populations, 
primarily because of the obvious geographical separation of these regions, 
but also because North Island populations grow on soils strongly influenced 
by volcanic ash. 
C.paUens 
North Island populations of C.paZZens are distinctive from South Island 
populations (Druce 1968), but In addition, much variation also exists 
within both Islands. As Tararua Range populations are more V shaped than 
those growing further North, North Island C.paZZens has been subdivided on 
thls basis. Within South Island C.paZZens there Is also much variation 
(Burrows 1967). The forms mentioned by Burrows were not discerned In the 
present study, although other divisions were. It was first noticed in the 
Fiordland populations, that here was a taxon w!th much broader and less V 
shaped leaves than C.paZZens from the Tararua Range. Moreover, the leaves 
of this taxon disarticulate at the ligule, a characteristic retained when 
grown In pots at Lincoln College, Canterbury, but not exhibited by C.paZZens 
growing on the Tararua Range. Populations from Craig Peak on the West 
Coast, and Twin Stream on the Ben Ohau Range, South Canterbury, showed 
similar features, but not being chemically distinctive, these have been 
included in with non-F!ordland populations. 
C.crassiuscuZa 
This species !s commonly known as curly snow grass because Its leaves 
curl and contort on dry!ng. Several of the populations collected In 
Flordland did not exhibit this characteristic either in the field, or when 
dried out In the laboratoryo However, there was no reason to suggest they 
were any other named species~ and consequently the Flordland populations 
have been grouped under C.crassiuscuZa. 
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Several populations could not be readily grouped with any taxon, and 
are therefore noted. 
No. 16 
Nos 85 & 86 
A broad-leaved population which had affinities with both 
C.rigida and C.fZavesaens, but which could not be further 
classified. 
The small area of tall-tussock grassland on Mt Stokes In 
Marlborough Sounds supports plants similar to C.paZZens and 
C.fZavesaens from the Tararua Range, along with a wide range 
of plants Intermediate to these two species (Druce 1968). 
However, Zotov (1970) also described C.maara from Mt Stokes, 
although P.A.W. does not agree with this hypothesis. The 
area has been badly damaged by grazing animals, and most of 
the tussocks are now greatly reduced in height. The two 
populations sampled represented the most "C.fZavesaens- 1lke'' 
(No. 85) and "C.paUens - 1 ike 11 (No. 86) nodes on Mt Stokes 
at the time of sampling, but they are not sufficiently "pure11 
to justify grouping in any particular taxon. 
lntrogressive hybridisation in the genus ChionoahZoa has been widely 
reported (Druce 1957, 1968; McPherson 1966; Connor 1967; Williams 1975), 
and at sympatric sites, continuous phenotypic variation Is often the case. 
Variation at these sites needs some comment, as this is not made in the 
following tabular Information. 
The small area of tall-tussock grassland on Mt Kaiparoro in western 
Wairarapa contains neither pureC.fZavesaens or C.rubra plants, but changes 
from C.rubra- like populations to C.fZavesaens- like populations along a 
gradient of increasing oxygen availability (McPherson 1966). Samples 122 
and 123 from a very wet site are representative of the C.rubra- like end of 
the gradient. Samples 119 and 120 from a better drained site at the bush 
edge represent the C.fZavesaens- like extreme of the gradient. Samples 
121 and 121a were growing together at the same site, and were selected to 
represent the C.rubra - 1 ike and C.fZavesaens - like nodes in the centre of 
the above gradient. 
Similarly, the Central Otago sympatric populations of C.rubra and 
C.rigida (Sites 30,33) should be seen as 11nodes 11 in an otherwise 
continuously variable stand of tall-tussock. 
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At Site 76, where C.paZZens~ C.fZavesaens~ C.rubra~ and C.arassiusauZa 
were growing together, a fifth population was also sampled (76d), and it was 
probably a hybrid population between C.rubra and one of the other species. 
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TABLE 1 Mean shoot length, leaf number, and dry weight, for several taxa and regional groups of Chionochloa, in 
approximate order of decreasing shoot weight 
Taxon and region b Shoot length Leaf number Shoot weight (em) (g) 
C.flavescens s. Island ex. Fiordland 90.4 ± 9.60 6.70 ± 0.29 5.29 ± 1.02 
Fiord land 105.0 6.40 3.77 
N. Island 96.8 ± 14.90 6.33 i: 0.18 4.60 ± 1.02 
C.rigida 95.8 ± 6.06 5.75 ± 0.26 2.48 ± 0.44 
C.rubra s. Is land 95.1 ± 6.22 5.69 ± 0.38 2.20 ± 0.38 
N. Is 1 an<i 84.6 ± 8,o8 5. 11 ± 0.24 1.43 t._ 0.26 
C.paUens Fiord 1 and 67.4 ± 5.9 7. 1 ± 0.40 2.52 ± 0.40 
s. Island ex. Fiordland 52.(} ± 16.62 5.96 ± 0.50 1.25 ± 0.32 
N. of Tararua Range 66.4 ± 15,54 1S.86 ± 0.48 1. 21 ± 0.46 
Tararua Range 64.9 ± 8,40 4.95 ± 0.44 9.92 t 0.22 
C.macra s. I S-1 and 65.4 E 4.34 If. 80 ± 0.20 0.86 t o. 10 
c.~rassiuscula Fiordland 34.7 ± 8.7a 6.0 ± 0~40 0.87 t 0-.30 
s. Island ex. Fiordland 25.6 ± 3.0 s.4 ± 0.46 0.50 ± 0.41 
C. teretifolia Fiord land 49.0 ± 9~8 L1. 10 t 0.40 0.59 t 0.25 
C.acicularis Fiord land 57.0 2.70 0.53 
C.juncea Westland 45.9 3.58 0.70 
a = Mean + standard error x 2. 
b =Abbreviations: S, South; N, North; ex, excluding. 
ll"'\ TABLE 2 Element concentrations (mg/g dry weight) in sheaths of several taxa or regional groups of Chionochloa. 
Taxon and region b p s N K Na Mg Ca 
C.flavescens S. Is ex 
Fiord land 1.01 t 0.20a 0.65 t 0.10 5.67t1.18 16.07 t 2.26 0.36 t 0.25 0.52 t 0.06 0.97 t 0.24 
Fiord land 0.52 t 0.07 0.60 t 0.14 4.69 t 1.06 8.67 t 1.20 0.63 t 0.02 0.39 t 0.05 0.74t0.10 
N. 1 s land 0.69 t 0.04 1.16 t 0.06 6.72 t 0.56 17.48 t 0.70 0.40 t 0.06 0.29 t 0.04 0.40 t 0.04 
C.rigida 1.22t0.12 0.57 t 0.07 4.61 t 0.50 11.48t0.6T 0.33 t 0.06 0.64 t 0.04 0.86 t 0.04 
C.rubra S. 15 land 0.90 t 0.14 0.74 t 0.17 6.71 t 1.37 11.48 t 1.53 0.93 t 0.21 0.41 t 0.05 0.55 t 0.05 
N. Island 0.81 t 0.08 1. 47 t o. 09 6.87 t 0.66 13.36 t 0.90 0.52 t 0.19 0.30 t 0.04 0.52 t 0.09 
C.paZZens Fiordland 0.92 t 0.20 0.90 t 0.03 7. 29 t 1.21 12.30 t 3.51 2.17 t 0.92 0.72 t 0.09 0,67 t 0.12 
S. Is ex 
Fiordlar:~d 0.97 t 0.26 0.92 t 0.08 6.51 t 1.44 13.70 t 1. 70 1.20 t 0.48 0.85 t 0.12 0.78 t 0.15 
N. of 
Tararua R. 1.46 t 0.44 0.99 t 0.24 8.15 t 0.82 21.33 t 1.42 1.15 t 0.24 1.11 t 0.10 0. 92 t 0.12 
Tararua R. 1 .06 t 0.12 1.38 t 0.05 8.64 t 0.84 20.04 t 1.66 3.26 t 0.24 0.73 t 0.04 0.56 t 0.04 
C.macra 1.12 t 0.17 0.83 t o. 14 5.83 t 0.90 11.18 t o. 76 0.29 t 0.40 0.49 t 0.06 0.73 t 0.14 
C.crassiuscula fiord land 0. 52 t o. 10 1.33 t 0.10 4.86 t 0.53 8.88 t 0.77 2.50 t 0.41 0.41 t 0.10 0.62 t 0.12 
S.ls ex 
Fiord land 0.54 t 0.12 1.40 t 0.23 5.76 t 0.52 1 T.05 t 1.66 1.23 t 0.51 0.43 t 0.06 0.56 t 0.18 
C. teretifolia Fiord land 0.54 t 0.06 0.89 t o. 16 5.35 t 0.70 8.99 t 1.50 0.66 t 0.27 0.22 t 0.04 0.39 t 0.07 
C.acicularis Fiord land 0.35 0.75 3.69 6.26 1. 30 0.27 0.61 
C.juncea Westland 0.58 1.88 6.0 15.40 0.63 0.49 0.50 
a = Mean + standard error x 2. 
b =Abbreviations: S, South; N, North; I 5, Island; ex , exc 1 ud i ng ; R, Range 
...0 TABLE 3 Element concentrations (mg/g dry weight) in green blades of several taxa and regional groups of Chionochloa. 
Taxon and regionb p s N 
S. Is ex . C. flavescens 
Fiordland 0.88 ± 0.19a 0.96 ± 0.12 7.62 ± 0.70 
7.32 ± 0.03 
7.88 ± 0.46 
6.40 ± 0.50 
5.68 ± 0.60 
7.11 ± 0.60 





Fiordland 0.57 ± 0.04 
N.lsland 
S. Is 1 and 
N.lsland 
0.51 ± 0.02 
1 .23 ± 0.12 
0.59 ± 0.10 
0.56 ± 0.08 
Fiordland 0.89 ± 0.20 
S.ls ex 
Fiordland 0.86 ± 0.24 
N. of 
Tararua R. 1.15 ± 0.35 
Tararua R. 0.90 ± 0.08 
1.33 ± 0.22 
C.crassiuscula Fiordland 0.65 ± 0.12 
S.ls ex 
Fiordland 0.62 ± 0.21 
C.teretifolia Fiordland 0.46 ± 0.06 
C.acicularis Fiordland 0.30 
C.juncea Westland 0.43 
a = Mean + standard error x 2. 
b =Abbreviations, see Table 2. 
0.91 ± 0.12 
1.15 ± 0.08 
0.71 ± 0.06 
0.90 ± 0.14 
1.36 ± 0.09 
0.97 ± 0.18 
1. 09 ± 0. 18 
1.41 ± 0.10 
7. 59 ± 1 .48 
9.50 ± 0.48 
1.41 ± 0.04 10.43 ± 0.09 
0.91 ± 0.14 
1.50 ± 0.05 
I .48 ± 0.22 




7.75 ± 0.50 
5.21 ± 0.52 




11.29 ± 0.90 0.24 ± 0.16 
7.72 ± 0.57 0.73 ± 0.11 
10.77 ± 0.54 0.37 t 0.05 
8.50 ± 0.86 0.13 ± 0.02 
7.52 ± 0.68 0.69 ± 0,20 
9.73 ± 0.65 0.41 ± 1.50 
10.10 ± 1.79 1.39 ± 0.77 
10.72 ± 1.0 0.94 ± 0.46 
12.53 ± 0.92 0.49 ± 0.08 
11.53 ± 0.07 2.19 ± 0.28 
10.22 ± 0.61 0.10 ± 0.02 
7.43 ± 0.57 1.55 ± 0.22 
11.05 ± 1.65 1.23 ± 0.51 
6.76 ± 1.14 0.47 ± 0.27 
5. 78 1. 16 
6.25 0.28 
Mg 
0.82 ± 0.06 
0.91 ± 0.08 
0.53 ± 0.03 
0.85 ± 0.08 
0.68 ± 0,11 
0.41 ± 0.06 
1. 36 ± 0. 12 
1 .08 ± 0.17 
1.17 ± 0.14 
0.93 ± 0.06 
0.73 ± 0.08 
0. 70 ± 0.12 
0.43 ± 0.06 




1 .61 ± 0.26 
1.35±0.01 
0.70 ± 0.07 
1. 36 ± 0. 17 
0.86 ± 0.08 
0.58 ± 0.10 
1.28 ± 0.26 
1.35 ± 0.26 
1.11 ± 0.15 
0.91 ± 0.04 
1.0 ± 0.12 
1.04 ± 0.16 
0.56 ± 0.18 




TABLE 4 Element concentrations (mg/g dry weight) in dead tips of several taxa and regional groups of Chionochloa. 
Taxon and regionb p s 
C. flavescens S. Is ex 






N. lsi and 
S. Is land 
N. lsi and 
Fiord land 





S. is land 
C.teretifolia Fiordland 
C.acicularis Fiord! and 
C.juncea Westland 
0. 16 
0.09 t 0.03 
0.50 t 0.07 
0.27 t 0.06 
0.28 t 0.03 
0. 36 t 0.12 
0.31 t 0.11 
0.41 t 0.28 
0.33 t 0.05 




a = Mean + standard error x 2. 
b =Abbreviations, see Table 2. 
I) C..7 
v.v, 
0.69 t 0.07 
0.56 t 0.08 
0.75 t 0.10 
1.0 t 0.18 
1 . 04 t 0. 10 
0.67 t 0.06 
1.36 t 0.24 
0.89 t 0.11 





3.25 t 0.44 
3SJ 
3.59 t 0.36 
3.15 t 0.35 
3.78 t 0.44 
4.52 t 0.64 
3.95 t 0.31 
3.02 t 0.45 
3.72 t 0.34 
4.85 t 0.81 







I o J I 
1.45 t 0.58 
1. 76 t 0. 38 
2.47 t 0.31 
2.74 t 0.63 
3.84 t 1.44 
2. 18 t 0. 66 
1 • 98 t 1 . 21 
3.22 t 0.83 






0.27 t 0.05 
0.14 t 0. 04 
0.40 t 0.10 
0.31 t 0.11 
0.86 t 0.60 
0.24±0.11 
0,16±0.12 
0.94 t 0,29 




0.82 t 0.37 
0.43 
0.31 t 0.08 
0.59 t 0.08 
0. 72 t 0. 12 
0.30 t 0.06 
1.43 t 0.36 
0.74±0.18 
0.58 t 0.26 
0.56 t 0.09 




2.59 t 0.63 
• r~ 
I .0/ 
0.57 t 0.11 
2.03 t 0.35 
1. 76 t 0.20 
0.88 t 0.19 
2.55 t 0.62 
2.19 t 0.61 
1.31 t 0.15 
1.03 t 0.14 
1 . 39 t 0. 24 
0.89 
0.63 
c::o TABLE 5 Weight of elements per shoot (mg/g dry weight) for several taxa and regional groups of Chionochloa. 
Taxon and regionb p s 
. C.flavescens S. Is ex 






N. Is land 
N.lsland 
Fiordland 







S. Is ex 
Fiord land 
C.tereti-folia Fiordland 
C.acicularis Fiord land 
C.juncea 
1. 97 
2.41 t 0.58 
2.79 t 0.55 
0.86 t 0.20 
2.22 t 0.67 
0.92 t 0.40 
1. 20 t 0.38 
0.85 t 0.22 
0.99 t 0.19 
0.53 t 0.24 




a = Mean + standard error x 2. 
b = Abbreviations,see Table 2. 
2.92 
5.07±1.10 
I. 59 t 0. 28 
2.10 t 0.44 
2.67 t 0.81 
1.40 t 0.43 
1. 54 t 0.63 
1 .28 t 0. 34 
0. 79 t 0. 16 
1.11 t 0.39 
0.78 t 0.06 




37.25 t 7.71 
23.41 
32.67 t 6.33 
13.42 t 2.86 
9.95 t 2.54 
20.77 t 6.29 
8.16 t 2.83 
9.58 t 2.97 
8.43 t 2.0 
5.33 t 0.72 
5.52 t 2.10 
3.78 t 0.66 




67.95 t ]lf.95 
27.42 
63.10 t JLI.74 
22.23 t L:.25 
14.35 t 3>.05 
2.8. 40 t 12. 62 
12.32 t 4.31 
15.08 t 4.35 
12.72 t 3.43 
7.80 t 0.94 
6.30± 2.77 





1.86 t 1.46 
2.61 
1 . 66 t 0. 41 
0.52 t 0.17 
0.61 t 0.31 
3.89 t 1.57 
1.27±0.88 
1. 69 t 2. 21 
2.25 t 0.62 
0.12 t 0.04 
1.66±0.89 
0.48 t 0.26 




4.07 t 0.78 
2.40 
1.95 t 0.35 
1,90 t 0.35 
0.60 t 0.18 
3.03 t 0.81 
1. 18 t 0. 48 
1.113±0.83 
0.77 t 0.18 
0.55 t 0.08 
0.78 t 0.67 
0.35 t 0.06 




7. 94 t 1 .89 
3. 73 
2.83 t 0.70 
3.36 t 0.73 
0.96 t 0.22 
3.19±1.23 
1.61±0.73 
1. 38 t 0.45 
0.82 t 0.26 
0.89 t 0.16 
0.92 t 0.50 
0. 54 t 0. 15 
0.30 t 0.13 
0.32 
0.18 
0"\ TABLE 6 Coefficients of variation of elements in sheaths, for Fiordland populations sampled as 
individual tussocks 
Species Sample No. p s N K Na Mg Ca 
C.paUens 1 11.4 25.4 16.2 18,9 40.4 12.3 21.3 
7 10.6 20.0 15.5 11.8 21.1 20.3 19.7 
9 12.9 11.0 10.5 14.7 28.8 23.6 16. 1 
15 13.0 3.8 7.8 11. 1 10.9 19.6 4.5 
C.crassiuscula 3a 6.4 10.0 10.9 14,0 25.0 30.3 30.0 
15a 9,4 24.8 6.7 15.6 24.5 39.5 30.7 
C. teretifolia 6 9.8 7. 1 7.4 ]3.2 35.2 27.2 
14 17.8 24.8 24,8 9.0 20.2 18.6 14.4 
C.flavescens 5 20.3 13-.3 13.2 20.0 30.4 21.3 11.2 
12 12.9 14.2 13.2 20.7 38.8 17. 1 26.7 
C.acicularis 1l 3.5 11.3 13. l 18.8 23.8 26.2 
C.rubra 4 14.4 17.8 16.0 30-.8 46.4 2£.8 21.5 
17 23.5 19.3 20.8 21.5 32.9 4.0 10.4 
18 1 }.5 12.0 31.2 14.2 41.2 62.2 46. 1 
Mean 12.8 15.3 14.8 16.7 29.9 24.6 21.0 
0 TABLE 7 Coefficients of variation of elements of green blades, for Fiordland populations sampled 
N as individual tussocks 
-
Species Sample No. p s N K Na Mg Ca 
C.paUens 1 9.2 31.2 8. 1 8.9 46.2 14. 1 25.7 
7 4.9 16.0 5.2 ]j.8 33.4 11.4 21.9 
9 10.7 9.0 9. 1 8.4 52.7 24.4 28.0 
15 12.2 23.3 5.7 10.5 12.9 12.4 9.9 
C.crassiuscula 3a 7.7 6.4 5.8 12. 1 21.7 19.4 14.4 
15a 17.7 14.4 9.3 15.6 19.8 36.0 25.6 
C. teretifolia 6 11 . 1 9.9 7.6 111.9 30.3 43.3 21.0 
14 10.9 23.2 12.5 17.6 26.3 26.5 17.9 
C.flavescens 5 8. 1 11.3 5.6 13.4 46.7 24.0 15.2 
12 1. 6 8.3 6.8 111 . 8 31.5 11.5 6.6 
C.acicularis ll 3.4 14.9 10.8 12.0 28.0 13.3 8.7 
C.rubra 4 13.0 17.5 9.5 2ll. 1 45. 1 16.2 17.9 
17 36.2 21.5 12.9 13.0 27. 1 13.2 14.3 
18 11.7 15.9 9.5 211.5 79.7 34. 1 13.4 
Mean 11.3 15.8 8.4 13.9 35.8 21.1 17.2 
21 
TABLE 8 Coefficients of v~riation of elements in green blades of populations sampled as individuals 








































































































































































































































































































































































TABLE 8 continued 
Sample p s N K Na Mg Ca 
no. 
71 29.3 19.6 10.9 47.6 19.7 25.6 
72 21.6 23.1 10.9 41.7 21.1 32.7 
73 11.8 13. 1 10.0 50.2 15.3 20.2 
74 10.3 17.7 12.1 11.9 11.8 18.6 12.6 
74a 10.9 13.9 8.7 6.6 85.0 23.9 17.7 
76.1 4.1 7.5 8.4 9.1 36.8 16.6 21.6 
76.2 7.3 11.4 12.6 15.6 37.6 19.1 22.5 
76a.1 4.3 12.4 6.4 6.1 57.6 7.6 7.6 
76a.z 10.6 17.1 10.3 6.2 35..3 13.9 12.0 
76b.1 6.8 8.8 12.7 9.6 13.6 20.0 22.4 
76b.2 8.9 10.3 10.8 8.9 25.1 17.0 13.8 
76c 28.6 17.2 18,1 17.6 52.5 18.0 20.7 
76d 9.7 7.5 7.8 15.1 48.3 17.0 14.8 
77 11.4 9.7 9.7 15.9 22.8 14.0 13.3 
77a 12.6 8.0 11.4 16.4 17.0 28.1 29.0 
78 19.3 13.7 12.4 13.6 6.4 16.1 22.6 
79 19.9 13.8 6.9 11.3 82.3 10.7 15.1 
79a 16.6 12.8 8.4 14.9 8.0 25.8 16.9 
83 18.3 12.4 13.9 18.4 39.5 30.9 20.4 
84 14.1 9.8 7.1 7.0 39.2 16.9 15.1 
85 7.8 18.8 2.7 16.7 47.2 13.4 34.9 
86 14.4 12.7 8.9 13.8 36.3 22.0 36.6 
87 10.3 9-7 7.7 20.0 13.2 12.7 8.7 
87a 10.2 16.9 10.5 19.6 54.5 14.8 24.3 
90 7.0 15.2 8.4 8.6 37.4 17.4 22.1 
92 16.2 19.8 13.8 79.0 26.7 34.6 
93 31.9 29.7 19.9 33.7 21.3 21.8 
94 30.4 21.9 19.9 22.9 15.6 22.3 
95 18.6 22.0 25.1 46.0 17.0 16.6 
96 46.3 2i.2 22.6 46.8 31.8 21.6 
97 36.8 30.6 13.5 44.6 16.8 13.8 
98 27.2 16.5 41:2 40.3 33.0 31.7 
98a 23.5 14.2 8t.1 16.0 40,0 
99 18.6 22.0 25.1 46.0 17.0 16.6 
100 43.7 29.1 17.0 50.8 18.9 12.8 
101 20.6 17.7 39-5 29.9 25.0 . 17.1 
102 36.3 33.9 17.9 46.6 31.3 18.8 
104 13.8 10.1 9-9 8.9 23.2 22.3 24.0 
105.1 8.9 5.4 9.5 14.0 27.1 29.3 21.0 
105.2 6.6 7.0 13.1 7.1 25.2 8.9 11.3 
107 7-3 6.3 8.1 16.0 39.5 31.0 31.0 
107a 28.4 14.1 9.4 7.5 15.6 21.5 14.9 
108 8.2 12.9 9.6 6.2 37.2 15.3 17.3 
111 16.2 8.7 9.6 9.8 50.7 15.0 8.3 
113.1 9.0 3.1 9.6 16.2 28.8 26.0 26.0 
113.2 7.0 5.5 8.7 9.7 6.7 18.1 20.4 
TABLE 8 continued 
Sample 
no. 
















































7.0 6. T 
14. 1 9.4 
23 
K Na Mg Ca 
17.2 48.0 16.3 18.5 
40.0 19. 1 13.6 15.6 
11. 1 19. 1 22.6 11.8 
13.6 12.8 16.3 24.5 
15.2 59.3 41.8 25.3 
12.8 32. 1 19.9 41.6 
11.8 9.3 20.9 27.5 
11.7 19.0 27.9 15.4 
11.3 8.2 7.0 7.3 
9.2 11.5 8. 1 20.8 
9.4 37.3 8.3 18.4 
6.4 57.3 37.2 17.6 
14.2 56.3 17.6 13.9 
13.8 19.0 13.5 8.5 
11.5 27.3 6.8 18.3 
7.5 15.6 21.5 14.9 
-:r TABLE 9 Coefficients of variation of elements in green blades for several taxa and regional groups of Chionochloa populations N 
sampled as individual tussocks. Also see Table 8. 
Taxon and region p s N K Na Mg Ca 
C.flavescens S. Is ex 
Fiord land 1 5. 7 t 2. ?a 13.1 t_ 2.3 13.6 t_ 4.5 11.0±2.2 42.8 t_ 13.4 18.6 t_ 3.2 22.9 t 5.9 
N. Is 1 and 10.6 t 2.7 7.8 t_ 3.0 9.9 t_ 1.1 16.4 t_ 8.2 29. 4 t_ 11 . 7 23,3 t_ 8.7 21.8 t 5.0 
C.rigida 15.7 t_ 2.5 13.4 t_ 2.4 11.2 t 1.2 14.8 t_ 4.2 39.8 t_ 12.8 22.9 t_ 3.7 22.5 t 2.2 
C.rubra S. Is 1 and 26.2 t 6.2 14.5 t 3.2 17.5 t_ 3.2 19.2 t_ 2.8 45.2 t 4.8 24. 1 t_ 4. 7 20.3 t 2.8 
N.l5land 13.5 t_ 3.8 17.1±6.1 9.5±1.7 10.8 t_ 1. 7 28.8 t 14.7 18.3 t_ 7.5 20.3 t 7.3 
C.pallens S. I 5 ex 
Fiord land 14.8 t 5.6 12.4 t_ 2.9 12.5 t_ 4.3 13.2 t_ 3.1 42.1 t_ 13.7 19.1 t 3.9 19.5 t_ 3.7 
N. I 5 land 14.9 t_ 5.3 7.5 t 2.4 9.9 t_ 2.6 12.1 t 2.4 26.9 t_ 10.9 17.4 t_ 4.2 16. 1 t_ 4. 7 
C.macra S.l5land 14.4 t_ 2.8 14.6 t 3.0 12.7 t_ 1.9 11.0±1.7 43.6 t_ 14.6 19.8 t_ 2.1 22.3 t 4.0 
C.crassiuscula S. Is land 9.4 t_ 3.3 9.0 t 1.3 11.6±1.1 11.6 t_ 4.8 18.5 t 6.8 21.6 t_ 6.5 21.7 t_ 8.8 
Mean b 15. 1 1 3. 1 12.0 14. 1 38.2 20.9 20.7 
Standard error x 2 1.6 1.2 1.0 1.3 4. 1 1.5 1.4 
Coefficient of variation 56.0 44.0 46.3 50.3 57.5 38. 1 35.4 
a = standard error x 2. 
b = Includes all populations from the entire survey, n = 119. 
Site No. 
Locality 






























cl in i c 
Soil Set Map Ref. Date Collector 
Resolution S140/ 3/73 P.A.W. 
669-371 
------------------------------------------~P=h~y~s==i=o:g=n=o=mic Species and Crown Cover of Tall Tussocks ( 
C.pallens (3) 
10 YR 3/2 
V.dk.gr. 









Whole Soil Fractions 
Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density~ 
0.51 0.42 0.19 4.49 12 88 4.5 
Inorganic Phosphorus Fractions 
pem 
fst Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
118 9 5 38 193 
Quick Tests 
Ca K Mg 
Readil~ Soluble Phosphate SO -S 
Truog Bray Olsen 4 
P No. l . P P ppm wt 
0 5 7 4 16 22 14 63.0 
p 2 (s/10 cm/m ) and as % Sum-1-P ( 
Surface-P Occluded-P Apat rte-P Sum-I-f' 
7.06 (73.4) 0.69 (7.3) 1. 87 ( 19. 3) 9.62 
Tussock Shoot Phtsical Pro~erties 
Sample n length Leaf Shoot Wei!jht 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tips 
C.paUens 1 8 51.0 6.8 0.64 t 0.14 1.03 t 0.23 0.23 t 0.06 









1.33 t 0.13 
1.19 t 0.09 
0.67 t 0.16 
p 
1.28 t 0.38 
s N K Na 
0.93 t 0.20 8.80 t 1.19 12.89 t 2.03 1.67 t 0.57 
0.94 t 0.24 8.33 t 0.56 11.36 t 0.84 0.86 t 0.33 
1.02 t 0.18 3. 30 t 0. 27 6. 65 t 1. 39 0.69 t 0.29 
Wei~rht of Elements per Shoot (mg dry wt) 
s N K Na 
1. 84 t 0. 29 15.09± 6.0 15.0 :t 4.17 5. 31 t 5. 70 
Wt/L 
Total (g/cm x 10 3) 
1.90 3-7 
Mg Ca 
o.8s t o.o9 0.68 t 0.12 
1.47 t 0.17 1.20 t 0.26 
1.83 t 0.31 3.10 t 0.56 
Mg Ca 
2.06 t 1.28 1.93 t 1.09 
Site No. 2 Site Characteristics 
Locality AI t. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Re 1 ief Material Class Classification Soi 1 Set Map Ref. Date 
Takahe Valley 1 354 E 270 40 Hu 4 See 1 4 Elde- podi- Resolution 5140/ 3/73 
L.a. clinic 693-372 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens (3), Poa aolensoi 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk. kg/10 cm/m2 x 10 %min. soil pH 
NH 4CL NH 4F 






Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.l.P P 
P (g/10 cm/m2) and as % Sum-1-P ( 




















Shoot Wei ht Wt/L 
Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
0.94 2.02 0 0 13 3.09 4.2 

















s N K 
0.96 10.0 18.4 
-
'1.22 9.50 13.60 
1.01 4.17 6 .. 13 
Weight of Elements per Shoot (mg dry wt) 
s N K 
3.49 29 013 51.10 
----~--·---~---···----·~. -~-.~··~-,.--~. ~-·-----
Na Mg Ca 
0.73 0.73 0.94 
0.28 1. 38 1. 75 
0.24 1. 46 3. 81 
Na Mg Ca 
1.28 3.66 4.91 
Site No. 3 Site Characteristics 
-
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class E1 ement Relief Material Class Classification Soil Set Map Ref. Date Collector 
Takahe Va 11 ey 1 204 E 135 15 T 1 See 1 2 Eldi-skel i- Resolution SJ 40/ 3/73 P.A.W. 
L.a. clinic 671-371 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.crassiuscula (1), Celmisia petriei, C.pallens (1) 
Munse 11 
5 YR 2.5/2.5 
Dk.rd.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk· kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm 
f .s. 1. firm 0.50 0 0.01 4.93 99 4.5 
Inorganic Phosphorus Fractions 
PE!m 
NH4CL NH 4F 
lst Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
0 50 96 30 4 11 191 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate 50 -s 
Truog Bray Olsen 4 
P No.I. P P ppm wt 
0 6 7 4 10 16 11 54.3 
p 2 (9/10 cm/m) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P Sum-1-P 
6.61 (76 .4) 1.03 (17.8) 0.49 {5.8) 8.13 
Jussock Shoot Ph~sical ProEerties 
Samp 1 e n Length Leaf Shoot Wei ht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 l) 
C.paUens 3 8 65 6.9 0.67 1.26 0.33 2.26 3.5 
C.crassiuscula 3a 8 37 6.0 0.31 :t 0.04 0.59 :t 0.07 0.07 :t 0.03 0.97 2.6 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 3 0.78 0.91 6.67 7.0 3.40 0.61 0.56 
3a 0.70 :t 0.04 1.31 :t 0.10 5.68 :t 0.52 7-32 :t 0.87 3.15 :t 0.73 0.43 :t 0.04 0.58 :t 0.05 
------- - -- - - - - - - ---- ----
- - -
Green 3 0.88 1.09 8.0 7.0 3.30 1.19 0.94 blades 
3a 0.82 :t 0.05 1.48 :t 0.08 7.39 :t 0.35 6.70 :t 0.68 2.09 t 0.38 0.63 t 0.11 0.79 t 0.10 





0.50 1.05 4.50 3. 75 2.54 2.0 2.19 
3a 0. 31 1.10! 0.11 3.42 2.25 1.24 2. 30 1.22 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
3 1.80 2.03 16.03 14.75 7.27 2.57 2.28 






5 YR 2/2 
Dk.gr.br. 
4 Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date Collector 
903 E 0 0 w 1 Mixed 0 Eldi-madenti- Resolution 5140/ 3/73 P.A.W. 
S.a. 
0 
alluvium luvic 724-345 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mrn 6-2 mm <2 mm >2 mm <2 mm 
h. 5 i. 1. sticky 0.35 
'~-- ppm 









0 3.41 0 100 4.3 









Ca K Hg 
Readily Soluble Phosphate SO _5 
Truog Bray Olsen 4 
P No. I: P P ppm wt 
6 12 8 24 46 2 6.8 
P (g/10 cm/m2) and as % Sum-1-P ( ) 
Surface-P Dccluded-P Apatite-P Sum-1-P 
































0.48 t 0.08 
Shoot Weight 
Green Blades Dead Tips 
0.98 t 0.12 o. 17 t 0.05 
Total 
1.63 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg 
0.50 t 0.06 0.64 t 0.10 ]. 15 t 0.96 6. 18 t 1. 59 1. 30 t 0. 50 0. 31 t 0.06 
- - --
0.54 t 0.06 0.92 t 0.13 8.22 t 0.65 5.08± 1.02 2.01 t 0.95 0.78 t 0.05 
0.21 t 0.04 0.71 t 0.07 4.13 t 1.38 2.13 ,: 0.94 1.22 t 0.54 .0.78 t 0.22 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na . Hg 
0.80 t 0.11 1. 31 t 0. 20 11.95 ±0.84 8. 30 t 2. 13 2. 73 t 1.27 1.03 t 0.14 
Wt/L ) 




0.81 t 0.12 
1.64 t 0.25 
·Ca 
1.25 t 0.14 
Site No. 5 




5 YR 2/2 




















Granite and 2 
granodiorite 








Map Ref. Date Co !lector 
S) 40/ 3/73 P.A.W. 
711-357 
Physiognomic: Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk. 
Density 
f.s. 1. firm 0.63 
'~---· ppm 
NH4CL NH4F 1st NaOH 
23 37 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi 1 pH 
>6 nrn 6-2 nrn dnrn >2 nrn <2 nrn 
0 1.65 .08 22 78 4.2 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sum 1-P Sol. NaOH 
7 5 3 76 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 50 _5 
Truog Bray Olsen 4 
P No.I. P P ppm wt 
0 3 7 3 17 13 2 12 01 
p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P - ~uni:.I-P 
3. 70 (80.0) o. 73 (16.0) 0.18 (4.0) 4.61 
~russock Shoot Phlsical Pro~erties 
Sample n length Leaf Shoot Wei ht Wt/l l 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 ) 
5 8 92.0 6.2 0.98 i 0.19 2.05 i 0.49 0.28 i 0.06 3. 31 3.6 
Sa 8 56.0 lJ.O 0.20 0.35 0.03 o.s8 1.0 
Element Concentrations in Shoot Components {mg/g dry wt) 
Sample 
No . p s N K Na Hg Ca 
• 
Sheaths s o.s6 i 0.09 0.67 i 0.08 s.22 i o.s8 9.27 i 1.60 0.62 i 0.20 0.37 i o.os 0.68 i O.ls 
Sa 0.57 0.9s s.so 10.30 o. 71 . 0.23 0.44 
-----------








Green s o.ss i 0.04 0.97 i 0. 10 7.34 i 0.36 6.94 i 0.86 0.68 i 0.29 0.9s i 0.21 1.36 i 0.19 
blades 
Sa 0.52 1.09 7.17 7.88 0.39 0.37 o.s6 
-- - - - - ---- - -
-----------
- - - -.- - - - -- - ----
Dead s 
tips 
0.17 i 0.03 0. 76 i 0.09 3.91 i o. 89 1. 10 i 0.18 0.24 i 0.09 o.s3 i 0.19 1. 79 i 0.41 
Sa 0.23 0.81 4.67 
Weigl1t of Elements per Shoot {mg dry wt) 
p s N K Na Hg Ca 
5 1. 74 i 0. 38 2. 71 t 0.64 21.01t 4.26 24.os t 7.70 2.20 t 1.01 2 .so t 0.61 4.11±1.14 
Sa 0. 30 0.60 3.80 lj,82b 0 .28b o. 18b 0.28b 
Site No. 6 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Takahe Valley 1 234 E 45 
L.a. 
C.teretifolia(3) • C.arassiusaula (1) 
Munsell 
5 YR 2/2.5 
Dk.rd.br. 
Texture 







20 F 1 See 9 2 Eldi- clini- Princess 5140; 3/73 
podic 671-371 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readil~ Soluble Phos~hate 
Bulk. kg/10 cm/m2 x 10 % min. soi I pH Ca K Hg Truog Bray Olsen 
Density >li f1l11 li-2 f1l11 <~ f1l11 >~ f1l11 <~ f1l11 p No.I: P p 
0.43 0 0.01 4.28 1 99 4.5 0 4 5 3 7 12 
Inorganic Phosphorus Fractions 
eem p 2 (9/IO cm/m) and as % Sum-1-P ( 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P NaOH Sol. NaOH Sum 1-P 
96 6 9 5 134 4.88 (85.1) 0.64 (11 .2) 0. 21 (3. 7) 






















Jussock Shoot Ph~sical Prol!erties 
n Length leaf Shoot Wei!lht Wt/L 
(em) No. Sheath Green B 1 a des Dead Tips Total (g/cm x 10 3) 
8 58.0 L1, 8 0,34 t 0.05 0.45 t 0,11 0.14 t 0.02 0.93 16 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg Ca 
0.56 t 0.04 0,77 t 0.05 5.87 t 0.37 6.77 t 0.75 1.01 t 0.30 0.26 t 0.06 0.30 
0.40 t 0.04 0.96 t 0.08 5.42 t 0.34 5.25 t 0.52 0.86 t 0,21 0.45 t 0.16 0.50 t 0.09 
------------------------------
0.24 t 0.02 0.66 t 0.09 2.33 t 0.21 I .54 t 0.40 0.50 to. 10 . 0.40 t 0.15 0.89 t 0.25 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
0.41 t 0.09 0. 79 t 0. 14 4.75 t 0.83 4.85 t 0.77 0.83 t 0.35 0.35 t 0.10 0.46 t 0,11 
Site No. 7 


































c 1 i ni c 
Soil Set Map Ref. Date 
Resolution S140: 3/73 
538-430 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk. 
Density 
St. I. friable 0.55 
'·------- ppm 






Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. sol I pH 
>6 mm 6-2 mm dmm >2 mm <2 mm 
1. 39 0.65 3.45 4.9 







HCL Sum 1-P 
285 468 
Quick Tests Readil~ Soluble PhosEhate 
Ca K Hg Truog Bray Olsen 
p No.I: P p 
1 5 13 8 18 21 
P (g/10 cm/m2) and as % Sum-1-P ( 
51.1-rrace-P ---0-ccl uded-P Apiltl te-P 
5.24 (32.0) 1.07 (6.6) 0.98 (61.4) 







































Green B 1 a des Dead fi ps 
2. 69 0.10 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K Na 
0.90 1).91 6. 17 16.10 1.09 
- --
0.97 I. 29 10.30 11.90 0.48 
0.25 0.89 4.0 2.38 0.19 
Wef~iht of Elements per Shoot (mg dry wt) 
p s N K Na 


















Site No. 8 
loca 1 i ty 
Chester Va 11 ey 
C. pallens (2) 
Munsell 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi I (m) Class Element Rei ief Material Class Classification Soi I Set Map Ref. Date 
1 234 F 45 15 lim 4 See 4 2 Eldi- podi- Resolution 51.40: 3/73 
L.a. c I i ni c 538-434 
Physiognomic Species and Crown Cover of Tall TussQ<:_~ ( 







Whole Soil Fractions 
kg/10 cm!m2 x 10 %min. soil pH 
>6 mm-- -o-:..2-mm- <Tmln >2 mm <2 mm 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
p No. I. p p 
P (g/10 cm!m2) and as % Sum-1-P ( 





















Tussock Shoot Ph~sical ProEerties 
n Length Leaf Shoot Wei!!ht 
(em) No. Sheath Green B 1 a des 
8 68.0 6.9 0.68 i 0.09 1. 08 i 0. 18 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
0.73 i 0.07 0.92 i 0.16 7.56 i 0.98 9-35 i 0.92 
0.64 i 0,03 0.99 i 0.13 7.93 i 0.34 8.76±1.01 
0.26 0.93 i 0.16 3.50 3.70 
Wei •ght of Elements per Shoot (mg dry wt) 
p s N K 
2.26 i 0.47a 1. 82 i 0. 46 15.01 i 3.53a 22. 17 i 5. 68a 
Wt/L 
Dead Tips Total (g/cm x 103) 
0.13 i 0.03 1.89 2.8 
Na Hg Ca 
3.57 i 0.63 0.66 i 0.11 0.55 i 0.09 
1.81 i 0.51 1.21 i 0.11 0.99 i 0.18 
1.06 1.37 2.16 
Na M~ Ca 
2.26 i 1.07a 2.46 i 0,51a 2.52 i 1.11a 
Site No. 9 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date Collector 
Chester Valley 1 008 F 45 15 T 1 See 5 2 Elde- podi- Resolution S140; 3/73 P.A.W. 
S.a. c 1 i ni c 549-437 
Physiognomic Species and Crown Cover of Tall Tussg_c_k_s ( 
C.pallens (2), C.crassiuscuZa (I) 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk. kg/10 cm/m2 x 10 %min. soil ---pH 
5 YR 3/1 







Dens i ty ~ 6-2 mm <2 mm >2 mm <2 mrn 
0.22 0 0.11 2.04 20 0. 80 4. 5 
Inorganic Phosphorus Fractions 
m 
1st Redu-ctant 2nd HCL NaOH Sol. NaOH Sum 1-P 
116 14 10 7 314 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
so -s Truog Bray Olsen 4 
P No.1: P P ppm wt 
0 10 11 11 24 62 18 57.1 
p (9/IO cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apati te-P Sum-1-P 






















Tussock Shoot Ph~sical Pro~erties 
n Length l!.eaf Shoot Wei ht 
(em) No. Sheath Green Blades 
8 70 .o 7. 1 0,68 ± 0.18 1.28 ± 0.22 
8 42.0 6.5 0.49 0.86 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
0.55 ± 0.06 
0 .. 50 
0.66 ± 0.07 
0.70 
0.21 ± 0.05 
p 
1,32 ± 0.29 
o.84b 
s N K 
0.86 ± 0.09 5.52 ± 0.54 7.01 ± 0.95 
1 .24 4.33 9.0 
1.11 ± 0.09 9.63 ± 0,82 7.82 ± 0.61 
1.48 8.50 8.38 
1.11 4.17 ± 0.68 1. 50 ± 0. 19 
Wei !!ht of Elements per Shoot (mg dry wt) 
s N K 
2.15 ± 0,48 16.73 ± 4.16 15.67 ± 2.68 
1. 67b 9.35b 11 .53b 
Dead Tips Total 
0.11 ± 0.11 2.07 
0.02 1.37 
Na Mg 
3.32 ± 0.88 0. 57 ± 0.12 
1.94 0.47 
- -
1.54 ± 0.75 1.22 ± 0.27 
1.44 0.84 
-------
0.71 ± 0.28 . 0.65 ± 0.17 
Na Mg 
5.04 ± 2.47 2.09 ± 0.55 
3.46b 2.41b 
Wt/L 




0.48 ± 0.07 
0.56 
0.99 ± 0.26 
0.94 
1.16 ± 0.32 
Ca 
1. 71± 0.46 
1.98b 
Site No. 10 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Chester Va 11 ey 1 264 F 45 35 Hu 1 See 5 1 E1di- podi- Resolution Sl40: 3-73 
L.a. c 1 i ni c 538-430 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.erassiuseula (3), Sehoenus paueiflorus. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm 
10 YR 3/2 St. 1. sticky 0.23 0.01 Dk. rd.br, 0,24 1.86 12 88 4,6 
Inorganic Phosphorus Fractions 
~E:m 
NH 4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
0 67 90 B 6 17 188 
Quick Tests Readily Soluble Phosphate 
Ca K Mg 





No.1. P P 
11 24 
p 2 (9/IO cm/m) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 









































Green Blades Dead Tips 
0. 58 0.04 
Element Concentrations in Shoot Components {mg/g dry wt) 
s N K Na 
1. 33 4.84 9.38 3.16 
1. 50 8.33 8.0 1. 59 
0.82 2.83 
Weight of Elements per Shoot (mg dry wt) 
s N K Na 
















Site No. 11 
Locality 























Eldi~, cl ini~ Resolution 
podic 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Map Ref. Date 
Sl40; 3/73 
548~438 
C.acicularis (4), C,crassiuscula (1). 
Munsell 
5 YR 2/2 
Dk.rd.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/110 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm 
s i. 1. sticky 0.27 0,06 0.01 2.53 3 97 4,3 
Quick Tests 
Ca K J;g 
0 5 5 





No.I: P P 
10 22 
Inorganic Phosphorus Fractions 
ppm p (9/lO cm/m2) and as % Sum-1-P ( 
NH 4CL NH 4F 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P NaOH Sol. NaOH Sum 1-P 








Tussock Shoot Ph~sical Pro~erties 
Samp 1 e n Length Leaf Shoot Wei ht _ Wt/L 3 Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 ) 
C.acicularis 11 8 57,0 2.7 0.15 ± 0.02 0.33 ± 0.04 0.05 ± 0.01 0.53 0.9 
C.crassiuscula 11a B 33.0 5.9 0.20 0.53 0.02 1. 37 4.1 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
11 0.16 ± 0.02 0.51 ± 0.08 2.60 ± 0.44 2.95b± 0.53 0.59b± 0.19 0.18b± 0.03 0.32b 
11 a 0.28 0. 76b 3.89 4. 11b 0. 77b 0.39b 0.53b 
Site No. 12 
Loca 1 i ty 
Chester Val ley 
C.flavescens (4) 
Munsell 

















Classification So i 1 Set Map Ref. Date Collector 
996 
S.a. 
F 45 25 F 4 Metamorpho• 2 Eldi- clini~ Princess 
podic 





Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readily Soluble Phosphate 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH Ca K Mg Truog Bray Olsen 
Density >6 mm 6~2 mm <2 mm >2 mm <2 mm p No.1: P P 
s i. 1. sticky 0,25 0 0 2.38 0 100 4.4 1 12 11 8 27 66 
Inorganic Phosphorus Fractions 
ppm p 2 (~/10 cm/m ) and as % Sum~I~P ( 
NH4CL NH 4F 
1st Reductant 2nd HCL Surface~P Occluded~P A pat i te~P NaOH Sol. NaOH Sum I~P 
-






















Tussock Shoot Ph~sical Pro~erties 
n Length Leaf Shoot Wei ht Wt/L 
(em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
8 109.0 6.6 1.27 }:_ 0. 31 2.63 }:_ 0.54 0.33 }:_ 0.08 4.23 3.9 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg Ca 
0.49 ± 0.09 0.53 ± 0.06 4.16 ± 0.46 8.07 ± 1.35 0.64 ± 0.16 0.42 ± 0.08 0.80 ± 0.08 
0,59 ± 0.02 0.85 ± 0,06 7.31 ± 0.42 7.51 ± 0.74 0.79 ± 0.21 0.87 ± 0.09 1.35 ± 0.08 
0.15 ± 0.03 0.58 ± 0.03 3.27 ± 0.36 1.12±0.19 0,15 ± 0.04 . 0.32 ± 0,12 1.59 ± 0.19 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
2.20 ± 0,46 3.14 ± 0.79 25.82 ± 5.93 30.40 ± 7.90 3.01 ± 1.06 2.30 ± 0.63 5.15±1.0 
Site No. 13 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Ora inage Soi I {m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Percy Valley 1 200 E 0 3 Cr 1 Quartz 3 Eldi~ podi~ Princess s 1'49 3/73 
L.a. diorite clinic 415~965 
slope 
detritus 
Physiognorn_ic_~_pecies and Crown Cover of Tall Tu~~ocks ( 
c.teretifoZia {2), c.erassiuseuZa {2). 
Munsell Texture Consistence 









Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi 1 pH 
>6 IIIII 6-2 IIIII .c:2 IIIII >2 IIIII <2 IIIII 
0 2.13 10.62 17 83 4.5 




NaOH HCL Sum 1-P 
Quick Tests Readil~ Soluble Phos~hate 
Ca K Mg Truog Bray Olsen 
p No.I: P p 
0 3 4 2 4 2 
P {g/10 cm/m2) and as % Sum-1-P { 







Tussock Shoot Ph~sical Pro~erties 
I 
Sample n Length Leaf Shoot Wei ht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 103) 
C. teretifolia 13 B 37.0 3.8 0.10 0.19 0.04 0.33 0.9 
C.crassiuscula 13a B 17.0 5.2 0,05 0.16 0.03 0.24 1.4 
Wef~rht of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
13 0.11 0.38 1 .65 1.62 0.34 0.10 0.22 
13a 0. 12b 0.36b 1. 70b 2. 18b 0. 13b o.o8b o. 15b 
Site No. 14 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Gertrude Saddle 1 000 E 80 5 Cr 1 Am phi bo 1 i te 2 Eldi- cl ini- Princess 5·158: 10/70 
s.a. slope podic 495-787 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.teretifo!ia (2) 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bu 1 k. kg /I 0 cm/m2 x 10 % min. so i 1 pH 
Density >6 mm 6-2 mm <2 mm >2 mrn <2 mrn 
Inorganic Phosphorus Fractions 
~--- ppm 
NH4CL NHqF 1st NaOH 
Reductant 
So 1 • 
2nd 
NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.1: P P 
P (g/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatlte-P 




















Jussock Shoot PhJ>:sical Pro~erties 
n Length Leaf Shoot Wei ht 
(em) No. Sheath Green Blades 
8 45.0 11.0 0.24 t 0.09 0.24 t 0.09 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
0.59 t 0.09 0.71 t 0.28 5.71 t 0.97 9.52 
0.50 t 0.05 1.01 t 0.29 6.88 ±0.72 7.36 t 1,08 
Weight of Elements per Shoot (mg dry wt) 
p s N K. 
0,25b± 0.07 0.54b± 0.23 2,86b± 0.68 4.95bt 1.26 
Wt/L 
Dead Tips Total (g/cm x 103) 
0.04 0.52 1.1 
Na Hg Ca 
0.35 t 0.09 0.17 t 0.05 0.38 t 0,08 
0.24 t 0.05 0.43 t 0.09 0.66 t 0.10 
Na Mg Ca 
0,19b± 0,11 o. 1Bbt 0.03 0,3lb± 0.06 
Site No. 15 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date Collector 
Gertrude Saddle 1 200 E 315 0 T 1 Am phi bo 1 i te 3 Eldi- podi- Princess S"158 3/73 P.A.W. 
L.a. slope clinic 280-150 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens (3), C.crassiuscula (1). 
Munsell 
7.5 YR 3/2 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bu I k . kg/l 0 cm/m2 x I 0 % min. so i 1 pH 
Density >6 mm 6-2 mm < 2 mm >2 mm <2 mm 
f.s. 1. friable 0.50 0 0.01 4.95 99 4.9 
with st. 
Inorganic Phosphorus Fractions 
pem 
NH 4CL NH 4F 
1st RedlJ(:tant 2nd HCL NaOH So 1 . NaOH Sum 1-P 
-
0 82 86 11 5 247 431 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No.1, P P ppm wt 
0 4 40 4 15 14 14 74.6 
p 2 (~/10 cm/m ) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite:.;P ---Sum-1-P 
8.30 (39.1) 0.79 (3.7) 12.20 (57 .2) 21 .29 
Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Wei ht Wt/L l 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 ) 
C.pallens 15 8 70.0 6.8 0.83 t 0.09 1 '34 t 0. 15 0.22 :!:. 0,24 2.39 3.4 
C. crassiuscula 15a 8 48.0 6.2 0.32 t 0.06 0.69 t 0,06 0.02 t 0.01 1.03 2.1 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 15 1 .03 t0.11 0,84 t 0.03 6.34 t 0,41 15.92 t 1,48 1.42 t 0.13 0,87 t 0.14 0.70 t 0.03 
15a 0. 67 t 0. 06 1. 28 t 0. 23 4.85 10.20 t 1.33 2,38 t 0.54 0.24 t 0.08 0.88 t 0.23 
- -- - ------·----- - -- - - - - - - ---- ----
- -
--
Green 15 l.Ot0.10 1.27 t 0.25 8.44 t 0,40 10.19 t 0. 89 1.51 t 0.16 1.61 t 0.17 1.35 t 0.11 
blades 
15a 0. 84 t 0. 13 1. 50 t 0. 18 6.98 t 0.54 6.80 t 0.89 1.39 t 0.22 0.63 t 0,20 1 .30 t 0.28 
-- - - - - -- -- - - -----------
- --------------
Dead 15 0.33 t 0.02 1.28 t 0.11 4.02 t 0.34 2. 77 t 0. 34 0.77 t 0.13 1. 73 t 0.11 2. 70 t 0.14 
tips 
15a 0.27 .. 3. 33 2.63 0.58 o. 77 2.06 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
15 2.27 t 0.31 2.69 t 0.46 17.51 t 1. 96 27.44 t 3.01 3.40 t 0.41 3.30 t 0.46 3.0 t 0.35 
15a 0. 80 t 0. 15a 1.43bt 0.21 6.36 t o.85a 7.98 t 1 .60a 1.64 t 0.34a 0.52 t 0.16a 1 . 18 t 0. 30a 
Site No. 16 




5 YR 2/1 
black 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soi I Set Map Ref. Date (m) Class Element Relief Material Class Classification 
1 000 E 315 30 HL 1 Am phi bo 1 i te 3 Eldi- podi- Princess sf58: 3/73 S .a. slope clinic 151-785 detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk 
Density 
s i. I. sticky 0,48 
"--- ppm 
1st NH4CL NH4F NaOH 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mm-- -o-~-mm-<Tmm - >2 mm <2 mm 
0 0.17 4.76 3 97 4.6 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
p No.I: P P 
0 5 8 3 10 18 
P (g/10 cm/m2) and as % Sum-1-P ( 








































Green B 1 a des Dead Tips 
2.74 0.16 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0.78 4.83 13.50 0.56 
------·----- - -- - - - - -
0.64 1. 21 7.33 9.63 0.60 
0.12 0.80 3.17 0.88 0.11 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




















Site No. 17 
locality 
Gertrude Saddle 
C. rubra (4) 
Munsell 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
1 000 E 135 12 Hu 1 See 16 2 Eldi- podi- Princess s 1·58; 10/70 
S. a. luvic 520-281 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk 
Density 





Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>o_mm __ o=zmm-<Tmm >Tmm- <2 mm 




NaOH HCL Sum 1-P 
Quick Tests 
Ca K Hg 




No.I: P P 
P (g/10 cm/m2) and as % Sum-1-P ( 
































0.50 t 0.08 
Shoot Weight 
Green Blades Dead Tips 
1.47 t 0.23 0.50 t 0.16 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0. 76 t 0.15 0.40 t 0.07 6.04 t l .05 8.63 t 1.55 0,43 t 0.23 
0.73 t 0.22 0.53 t 0.12 5.53 t 0,60 8.05 t 0.87 1.10 t 0.47 
0.29 t 0,07 0.52 3.41 t 0.62 2.16 t 0. 24 0.24 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 








2.03 t 0.37 
Wt/L l (g/cm x 10 ) 
2.5 
Ca 
0.43 t 0.04 
0.88 t 0.11 
1. 79 
Ca 






5 YR 2/2 
Dk. rd.br. 
18 Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
800 E 0 0 w 1 Alluvium, 0 Eldi-luvic Princess 5158; 3/73 
M. very 499-786 
mixed 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk 
Density 
s. 1. friable 0.49 
p m 
NH 4CL NH 4F 
1st 
NaOH 
0 12 19 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>o~b=21iiiil-<Yiiiiil- >2 mm <2 mm 
0 1.11 5.53 17 83 5.2 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
10 2 239 281 
Quick Tests Readil~ Soluble Phos~hate 
Ca K Mg Truog Bray Olsen 
p No.1: P p 
2 6 3 9 6 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 








































"' 0 c. 
E 
0 
w N 0 en 
"'" "' 
Lt'\ N 
0 0 I 0 0 
.c i-1 H !J) z: 
<= (5\ 0 
















Loca1ity A 1 t. Precip, Aspect 0 Slope 0 land Micro Parent Drainage Soi i (m) Class lement Rei ief Material Class Classification Soi i Set Map Ref. Date Collector 
··-~-------------~-
Tak i tumu Range 610 c 315 3 F It Loess and 4 Eldefulvic Glenelg 524: 10/70 K.F.0 1C. 
S .a. volcanic 184-295 
slope 
detritus 
Physiognomic Species an_ti Crown Cover of Tall Tussocks ( 
C.rubm (2), fracophyllum sp., Cassinia sp. 
Munsell 
7.5 YR 4/2 
Dk.gr.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/lO cm/m2 x 10 %min. soil -pH 
s' 1' friable 
NH 4F 






Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
ReadilX Soluble Phosphate 50 _5 
Truog Bray Olsen 4 
P No.1. P P ppm wt 
7 10 2 13 13 11 
P (g/10 cm/m2) and 7s % Sum-1-P ( 
Apatfte·-P Surface-P Occluded-P Sum-1-P 
Sar-:1p l n 
Taxon 





5.25 0. 40 i 0. 14 0.77 ± 0.20 









p s N K 
19 0.90 i 0.16 0.67 ± 0.13 5.38 ± 0.87 10.0 ± 0.71 
19 0.81 ± 0.12 0.77 ± 0.08 6.62 t 0.59 7. 49 ± 1. 06 
19 0.20 t ·o.o8 0.52 t 0.70 2.72 t 0.41 0.99 ± 0.28 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
----·------·---~-· 
1 I. 0 0.20 0 '19 ± 0. 15 7.57 i 1.63 10 7 2.55 
ps 
0.18 ± 0.05 1. 35 
Na Hg 
0.95 ± 0.35 0.30 ± 0.08 
0.93 i 0.51 0.84 ± 0.23 
0.29 1 0.06 0.93 ± 0.38 
Na ~lg 
0. 98 Cl. 1 g 0.97 i 0. 
Wt/l 




1.13 t 0.27 
2.11 r. 0.35 
Ca 
.46 _J_ 
Site No. 20 
locality 
Mt Armstrong 















Class Classification Soi 1 Set Map Ref. Date Collector 
1 600 
L.a. 







Physiognomic Species and Crown CDver of Tall Tussocks ( 
Texture Consistence Bulk 
Density 





Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pl1 
>oiriiii-- 6-2 mm-<Yrrm ->2 1m1 <'2 rrm 




NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
Reacli ly Soluble Phosphate-, 50 ~s 
Truog Bray Olsen 4 
P No. I. P P ppm wt 
P (g/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occiuded-P Apatite-P Sum-1-P 






















Tussock Shoot Ph~sical Pro~erties 
Length Leaf Shoot Wei ht Wt/L 
(em) l~o. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
83.7 6.5 0.69 2.0 0.17 2.86 3.4 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg Ca 
0,60 0.46 4.17 9.97 0.36 0.34 0.78 
- - -
0.65 0.83 6.67 8.75 0.29 0.65 1.12 
0,23 0.55 3.33 1. 75 0.11 0.40 1.63 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
2.35 2.07 18.61 24.67 0.84 1 .60 4.65 
Site No. 21 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Craig Peak 1 327 F 315 45 T 5 Biotite 2 Elde-clinic McKerrow S79: 4/72 
L.a. schist 723-565 
colluvium 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.flavescens {2), C.paUens (1). 
Munsell 
7.5 YR 3/2 
Dk. br. 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readily Soluble Phos~hate 
Texture Consistence Bulk kg/W cm/m2 x 10 % min. soi I pH Ca K Hg Truog Bray Olsen 
Density >6 mm -6;,.2 rmii- < ~ lnm-- >2 mm <2 mm p No. I. P p 
st. 1. m. s. s. 4.9 4 7 24 7 16 39 
Inorganic Phosphorus Fractions 
p~m p (~/10 cm/m2) and qS % Sum-1-P ( 
NH 4CL NH 4F 
1st Reductant 2nd HCL Surface-P Occluded P Apatite-P NaOH So 1 . NaOH Sum 1-P 
5 42 50 31 5 365 498 
(19. 5) (7 .2) (73.8) 






Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Wei51ht Wt/L 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tips Total (g/cm x 10 3) 
C.fl.avesaens 21 8 94.2 7.2 2.19 ± 0.38 4.80 ± 1.14 0.16 ± 0.04 7.15 7.6 
C.paZZens 21a 8 59.3 6.56 0.58 ± 0.07 1. 46 ± 0.18 0.01 ± 0.01 2.05 3.45 
Element Concentrations in Shoot Components (mg/g dry wt) 
s-ample 
No. ·-p s N K Ha Mg Ca 
Sheaths 21 1.13 ± 0,.12 0.51 ± 0.12 4,58 ± 0.31 16.36 ± 1. 71 0.21 ± 0,03 0.54 ± 0.20 0.85 ± 0.23 
21-a 1.43£0.16 0.68 ± 0.03 6.59 ± 0.83 17 .-Q1 ± 1 .43 1.18±0.32 0.94 ± 0.09 1.15±0.19 
------------




- - -- --- -
Green 21 '1.21±0.16 0.79 ± 0.09 8.31 ± 0.65 13.78±1.82 0.16 ± 0.02 0.81 ± 0.13 2.01 ± 0.38 
blades 21a 1.40 ± 0.07 0.86 ± 0.10 8.64 ± 0.99 14.49 ± 1.32 -0,]2 ± 0.27 0.98 ± 0.25 2.12 ± 0.47 
# 
-- - - - - -- -- - ------------
- -----------.-----
Dead 21 0.36 ± {).07 0.46 3.56 ± 0.63 1.93 ± 0.67 0.11 ± 0.02 0.35 ± 0.11 1.64 ± 0.66 
tips 21a 1.43 ± 0.16 0.63 ± 0.03 6.59 ± 0.83 17.01 ± 1.43 1.18±0.32 0.94 ±0.09 1.15 ± 0.19 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
21 8.76 ± 1.63 4.98 t 1.20b 49.69 ± 11.11 102.45 t 22.62 1.29 t 0.32 5.05 t 0.70 11.67 ± 2.94 
21a 2.83 ± 0.34 1. 68 t o. 26 16.61 ± 2.13 30.08 t 4.59 1.59 t 0.43 2.02 t 0.43 3.95 t0.79 
Site No. 22 Site Characteristics 
Locality AI t. Precip. As13ect 0 0 Land Micro Parent Drainage 5oi 1 (m) Class Slope Element ReLief Material Class Classification Soil Set Map Ref. Date 
Craig Peak 1 366 F 5 45 Hm 1 Biotite 2 Elde-c11nic McKerrow 579: 4/73 
1.. a. schist 723-565 
slope 
detr-itus 
Physiognomic Spe;;ies and Crown Cover of Tall Tusso_ck_s ( 
C.flavescens (3), Schoenus pauciflopus 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 rmlm2 v ln Texture Consistence Bulk kg/10 _ .. ., ..... ·- % min. soil pH 





m. s. s. 
NH 4F 
21 
u-k. lllttl <..L n•n Dens i ty >6 mm z ~ ~ >2 IM1 <2 IM1 
5.3 
Inorganic Phosphorus Fractions 
p~m 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
51 33 5 605 717 
Quick Tests Readil~ Soluble Phos~hate 
Ca K Hg Truog B.ray Olsen 
p No.I. P p 
8 1 43 8 10 20 
p (s/10 cm/m2) and as % 5um-I-P ( 
5urface-P Occluded-P Apat i te-P 






















1.25 i 0.41 
Shoot Weight 
Green Blades Dead Tips 
2.88 i 0.77 0.18 i 0.09 













0.85 i 0.25 
1. 04 t 0 0 20 
0 0 29 i 0. 36 
p 
4.22 f 1.42 
s N K Na 
0.42 i 0.05 4.21 i 0.41 12.]2 i 0.73 0.22 i 0.03 
0.72 t 0.05 7.67 i 0.48 12.53 i 0.98 0.19 t 0.02 
0.42 t 0.01 2.23 t 0.31 2.03 ± 0.28 0.11±0.03 
We1 ght of Elements per Shoot (mg dry wt) 
s N K Na 




0.45 i 0.07 
0.65 t 0.11 




(g/cm x 103) 
5.9 
Ca 
0.86 i 0.09 
1.89 i 0.27 





A par ima 
C.rubra (4) 
Munse 11 
10 YR 5/2 
G.br. 
23 Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
244 B 0 2 A 1 Alluvium 4 Fulvi-luvic Tua tapere 5159: 4/73 
w.t. 156-752 
Physiognomic Species and Crown Cover of Tall Tussock~ ( 
Texture Consistence Bulk 
Density 
st. 1. fm 








Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6--mm- - b-2 mm-<Ziiin-->Tiiiil~ mm 
1.29 3.11 3.51 40 60 5.4 
Inorganic Phosphorus Fractions 
Reductant 





HCL Sum 1-P 
35 310 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1. P P 
5 9 7 2 9 55 
P (g/10 cm/m2 ) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
8.84 






































0.45 :t 0.06 
Shoot Wei.ll.b_t 
Green Blades Dead Tips 
0.90 :t 0.11 0. 15 :t 0.04 




(g/cm x 10 ) 
1.2 
p S N K Na Mg Ca 
0.57 t 0.11 0.66 :t 0.07 4. 11 t 0. 56 9.58 t 0.99 0,41 t 0.07 0.31 :t 0.06 0.65 :t 0.09 
0,42 t 0.03 0.68 i 0.07 5.29 :t 0.36 5.95 :t 0.64 0.47 i 0.09 0.65 :t 0.16 0. 90 i 0.16 
0.12 :t 0.02 0.47 :t 0.57 2.60 :t 0.18 0.89 :t 0.51 0.21 :t 0.05 0.77 ± 0.31 1.87 t 9.15 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 






10 YR 5/3 
Y l.br. 
24 Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sci 1 (m) Class Element Relief Material Class Classification Sci 1 Set Map Ref. Date 
155 B 0 2 A 1 Loess 4 Madenti~fulvic Southdown S17B: 4/73 
w.t. 925~098 
Physiognomic Species and Crown Cover of Tall Tu~s~~ ( 
Soil Characteristics 
Whole Soil Fracti~ns 
Texture Consistence Bulk kg/10 <:m/m2 x 10 %min. soil pH 
s i. I. v.fm. 
NH4CL NH4F 








0 10.36 0 100 5.4 
Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum I ~p 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1: P P 
4 8 30 2 5 16 
P (g/10 cm/m2) and as % Sum~I~P ( 































Tussock Shoot Ph.}:sical ProQerties 
Length Leaf Shoot Weisht 
(em) No. Sheath Green B 1 a des 
128.4 7-3 0.95 1.82 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K 
1.01 4,0 8.25 
0.75 6.17 7.38 
0.88 4.50 1.63 
Weight of Elements per Shoot (mg dry wt) 
s N K 
2.42 15.52 21 .45 
. ~·-- ~ -- ~ - . 
- ----·. ~ -.,. ~ . 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0,11 2.88 2.2 
Na Hg Ca 
1.23 0.27 0.63 
1.01 0.58 1.06 
0.50 0.76 3.06 
Na . Hg Ca 
3.06 1.40 2.86 
Site No. 25 
Loca 1 i ty 
Slope Down Forest 
C.rUbra (2) 
Munse 11 
10 YR 5/3 
Y 1. br. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification So i 1 Set Map Ref. Date 
152 B 0 2 A l Loess 4 Madenti-fulvic South- 5178: 4/73 
w. t. down 023;,.047 
Physiognomic_~ecies and Crown Cover of Tall Tusso_c_ks ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil 
Den; i ty >6 mm 6-2 mm <2 mrn >2 mrn <2 mrn 
pH 
s i. 1. v.fm. 1.04 0 0 10.36 0 100 5. l 
Inorganic Phosphorus Fractions 
ppm 
NH 4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
Quick Tests 
Ca K Mg 
4 9 28 





No.1. P P 
9 12 
p (~/10 cm/m2) and as % Sum-1-P ( 

































Green Brades Dead Tips 
1.0 0.10 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.53 1.04 6.33 5.63 1.23 
0.27 0.70 3.17 0.88 0.79 
Weight of Elements per Shoot (mg dry wt) 



















10 YR 2/2 
Bl. 
26 Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I Soi 1 Set (m) Class Element Rei ief Material Class Classification Map Ref. Date Co 11 ector 
122 B 0 0 A 1 Peat 1 Plati c Otanamomo 5170: 4/73 P.A.W. 
w. t. 071-402 
Physiogno~ecies and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
H. fr. 
NH 4CL NHqF 








0 2.30 0 100 4.0 
Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate SO -S 
Truog Bray Olsen 4 
P No.1. P P ppm wt 
3 4 55 4 12 14 10 23 
P (g/10 cm/m2) and as % Sum-1-P ( 



























0.40 t 0.08 
Shoot Weight 
Green Blades Dead Tips 
0.90 t 0.13 0.11 t 0.03 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0. 50 t 0.17 0.78 t 0.08 3.81 t 0.45 9.18 t 1. 27 0.66 t 0.15 
0.57 t 0.16 1 .09 t 0.11 7.06 t 0,41 7.77 t 0.83 0.69 t 0.20 
0.28 t 0.01 0.83 t 0.14 4.26 t 0.73 2.03 t 0.94 0. 40 t 0.17 




0.37 t 0.07 
0.63 t 0.06 
0.78 t 0.16 
Wt/L 
(g/cm x lO :3) 
1.4 
Ca 
0.57 t 0.10 
0.72 t 0.13 
1.48 t 0.72 
p S N K Na Mg Ca 
0.71 t 0.14 1. 38 t 0. 22 8.44 t 1. 77 11.28 t 2. 88 1 .29 t 0.36 0.94 t 0.32 1.09 t 0.38 
Site No. 27 Site Characteristics 
loca 1 i ty Alt. (m) 
Precip. 
Class Aspect 
0 Slope 0 Land Micro Parent Drainage Soi 1 Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Mid Dome 1 420 
L.a. 
C.rigida (2), C.macra (1). 
Munse 11 
7.5 YR 4/2 
Dk.gr.br. 
Texture 








14 ftu Chlorite 
II 
schist 
co ll uvi um 
3 Clini- Kaikoura 5151: 9/70 
Elde,ulvic 468-027 
Physiognomic Species and Crown Cover of Tall Tusso_cks ( 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readil~ Soluble Phosehate 
Bulk kg/10 cm/m2 x 10 %min. soil pH Ca K Mg Truog Bray Olsen 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm p No.1. P p 
4.2 1 12 17 8 62 60 
Inorganic Phosphorus Frdctions 
Pem P (s/10 cm/m2) and ~s % Sum-1-P ( 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P NaOH Sol. NaOH Sum 1-P 
110 80 32 16 411 
(68 0 7) (27.4) (3. 9) 








Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Wei!jht Wt/L 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tips Total (g/cm x 10 l) 
C.rigida 27 8 91.5 6.55 0.98 t 0.22 1.45 t 0.27 0.42 t 0.13 2.85 3.13 
C.maara 27a 8 74.8 4.74 0.42 t 0.20 0.57 t 0.25 0.04 :!: 0.01 1.03 1.4 
Element Concentrations in Shoot Components {mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 27 1.02:!:0.19 0.94 t 0.19 6.84 t 1.09 11 .58 t 3. 0 0.39 t 0,07 0.58 t 0.12 0.79 t 0.19 
27a 1.07 t• 0.19 0.53 t 0.07 5.90 t 0.94 10.74 t 1.14 0.32 t 0,06 0.63 t 0.08 0.74 t 0.10 
- - --
--- - ------------
- -- - - - - -
~ 
---- ----
Green 27 1. 22 t D. 18 1.03 t 0.08 8.49 t 0.71 9.66 t 3.26 0.23 t 0.02 0.91 t 0.16 0.88 t 0.20 
blades 
27a 1.01 t 0.21 0.61 :!: 0.05 6.31 :!: 0.78 8.75:!: 0.64 0.20 t 0.02 1.0 t 0.20 0.99 t 0.12 
-- - - - - -- -- - ------------- - --------------
Dead 27 0.49 t 0.11 0.66 t 0.08 4.24 t 0.62 2.46 t 0.60 0.24 t 0.03 0.83 t 0.16 2.19 t 0.32 
tips 
0.36 t 0,08 0.57 t 0.06 27a 3.09 1.36 t 0.39 0.17 t 0.01 0.68 t 0.18 1.92:!:0.16 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
27 2.99 t 0.57 2.81 t 0.42 20.81 t 2.89 27.96 t 8.73 0.81 t 0.07 2. 21 :!: 0.34 2.92 t 0.34 
27a 1.03 t 0.42 0.60 :!: 0.25 5.63 t 2.66b 9.73 t 3.BB 0.26:!: 0.11 0.84 t 0.27 0.98 t 0.36 
Site No. 28 
locality 



























C 1 i ni-
eldefulvic 
Soi 1 Set Map Ref. Date Collector 
Dunstan 5145: 1/73 P.A.W. 
065~200 
Physiognomic Species and Crown Cover of Tall Tussoc~ ( 
C.rigida (2), C.macra (1), Festuca mathewsii. 
Munse 11 
7.5 YR 4/5 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk- kg/10 cm/m2 x 10 % min. soil pH 
gr.si.l. L. 
NH4CL NH 4F 
0 7 






0 1.40 8.55 14 86 5.0 







HCL Sum 1-P 
3 119 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate 50 _5 
Truog Bray 0 !sen 4 
P No. 1 . P P ppm wt 
0 2 15 6 46 77 0 0 
P (g/10 cm/m2) and as % Sum-1-P ( 


























Jussock Shoot Ph~sical Pro~erties 
n Length L•~af Shoot Weisht Wt/L (em) No. Sheath Green B 1 a des Dead Tips Total {g/cm x 10 3) 
8 97.5 6,40 1,09 t 0.30 1.94 t 0.53 0.27 t 0.09 3.30 3.40 
8 69.8 5.15 0.31 t 0,12 0.60 t 0.23 0.14 t 0.06 1.05 1.5 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg Ca 
0.52 t 0,06 1.05 t 0.36 2,38 t 0.32 11,69 t 1.20 0.-26 t 0,08 0.60 t 0.15 0.62 t 0.08 
0,43 ±·0,03 0.80 t 0.26 2.60 t 0.25 11.54 t 0.79 0.26 t 0,08 0.50 t 0.15 0.61 t 0.14 
-----------
- -- - - - - -
~ 
---- ----
0.39 t 0.03 0.95 t 0.19 2.91 t 0.29 9.23 t 0.45 0.15 t 0.06 0.72 t 0.08 0.99 t 0.14 




0.14 t 0.03 
0.21 t 0.20 
p 
1.39 t 0.92 
0.61 t 0.17 
0.69 t 0.47 1.32 t 0.40 1.0 t 0.28 
1.13 1.62 t 1.0 I. 23 i 0. 30 
Weight of Elements per Shoot (mg dry wt) 
s 
2.08 t 1.34 
1.16 t 0.39b 
N 
8.38 t 5.11 
3.89 t 1.05 
K 
30.65 t 7.58 
10.43 t 4.06 
0,18 t 0.06 0.43 t 0.10 
0.22 t 0.06 0. 36 t 0.10 
Na Hg 
0.66 t 0.27 2.14 t 0. 52 
0.19 t 0.09 0.73 t 0.44 
1.29 t 0.43 
1.07 t 0.32 
Ca 
2.99 t 0.93 
0.96 t 0.45 
Site No. 29 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Relief Material Class Classification So i 1 Set Map Ref. Date 
Old Man Range 1 760 D 0 2 Cr 4 Chlorite IV 2 Vol i·elefulvic Obelisk 5143: 1/73 
H,a. schist and 026-282 
loess 
Physiognomic Species and Crown Cover of Tall Tus_s_QC:_k_s ( 
C,macra (4), Cetmisia viscosa, C,sessiliflora. 
Munse 11 















Whole Soil Fractions 
kg/ 10 c:m/m2 x 1 0 % min. so i 1 pH 
>omm--6-2 mm ..::2 mm >2 mm <2 mm 
0.50 1. 50 8.55 19 81 4.7 




NaOH HCL Sum 1-P 
Quick Tests Readil~ Soluble Phos~hate 
Ca K Hg Truog Bray Olsen 
p No.1. P p 
0 2 3 3 19 34 
P (g/10 cm/m2 ) and as % Sum-1-P ( 
Surface-P ___ Ocd uded-P Apail te-P 



























Tussock Shoot Phxsical Pro~erties 
n Length leaf Shoot Weisht Wt/L (em) No. Sheath G reen B I a des Dead Tips Total (g/cm x 10 l) 
B 48.4 4.69 0.23 0.30 0.08 0.61 1.3 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K Na Hg Ca 
1.20 0.96 8.50 11.30 0.55 0.56 0.69 
-- -- --- ·- ----- --- -- ----- - ~------ --
1.07 0.93 7.67 10.01 0.14 0.88 1.12 
0.33 0.72 4.50 1.63 0.09 0.59 1.50 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
0.62 1.18 4.62 5.76 0.18 o.44 0.62 
Site No. 30 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soil Set Map Ref. (m) Class Element Relief Material Class Classification Date 
01 d Man Range 915 c 100 10 Hm 1 Chlorite IV 3 C 1 i ni- Dunstan 5143: 1/73 
S.a. schist slope eldefulvic 076-345 
detritus and 
loess 
Physiognomic Species and Crown Cover of Ta 11 Tussocks ( 
C.rigida (3), C.rubra (2), Festuca novae-zelandiae, Poa colensoi. 
Hunse 11 
7.5 YR 4/2 
Dk.gr.br. 
Texture 











Soil Char a c t.e r i--s tics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi 1 pH 
>; mm ;-2 mm < ~ mm >~ 111111 <i 111111 
0 0.08 11.35 1 99 5.0 




NaOH HCL Sum 1-P 
Quick Tests Readil~ Soluble Phos~hate 
Ca K 1-\g Truog Bray Olsen 
p Ho.l. P p 
0 2 15 6 46 77 
P (g/10 cm/m2) and as % Sum-1-P ( 
















-- - - - -
Dead 
tips 




























Shoot Wei ht Wt/L 
Sheath Green B 1 a des Dead Tl ps Tot a 1 (g/ em x 10 3) 
1. 07 2.21 0.43 3.71 3.2 
0.53 1. 35 0.24 2.12 2. 1 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg Ca 
1. 50 0.43 4.38 12.0 0.36 0,61 0.56 
1. 12 0.47 4.33 9.13 0.49 0.50 0.56 
-----------
- -- - - - - - - ----
----
1.45 0.60 6.33 8.0 0.09 1.0 1. 38 
1.05 0.63 6. 17 7.75 0. 19 0.91 1.12 
-- - - -----------
- --------------
0.58 0.53 -4.17 0.88 0.10 0.66 2.0 
0.53 0.51 4.50 1. 38 0.15 0.61 1. 56 
Weight of Elements per Shoot (mg dry wt) 
p :5 N K Na Mg Ca 
5.31 2.01 20.95 30.90 0.63 3. 15 4.51 
2. 13 1.22 11.70 15.63 0.55 1.64 2.18 
'~ 
Site No. 31 
Loca I i ty 
Old Man Range 
C.r>ubra (3) 
Munse II 































Map Ref. Date 
s 1li3: 2/73 
075-345 
Physiognomic Species and Crown Cov~r of Ta 11 Tussocks ( 
Texture Consistence Bulk 
Density 
h.s i. 1. w.s. 5. 






Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mm 6-2 mm -<2 mm >2 m----<2 111111 
0 0.18 4.49 4 96 5.1 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No. I. P P 
3 4 20 4 40 59 
P (g/10 cm/m2) and ai % Sum-1-P ( 









































Green Blades Dead Tips 
1. 91 o. 20 













































Site No. 32 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol 1 (m) Class Element Rei ief Material Class Classification Soi 1 Set Map Ref. Date Collector 
Knobby Range 854 B 225 20 !"11 1 Chlorite IV 4 Cl in i- Arrow S1~3: 2/73 P.A.W. 
S.a. schist slope eldefulvic 189-322 
detri_ tus 
Physiognomic_~_pecies and Crown Cover of Tall Tusso_£k_s ( 
C.rubra (3), Festuca novae-ze~andiae. 
Munsell 
].5 YR 4/1.5 
Dk.gr.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 c.m/m2 x 10· %min. soil 
Quick Tests 
pH Ca K Mg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
Density >6 mm 6-2 mm <2 mm >2 111111 <2 mm P No.1: P P ppm wt 
s i. 1. v.fm. 1. 11 0 0 11 .fJ] 0 100 5.5 6 13 5 4 15 21 0 0 
Inorganic Phosphorus Fractions 
:... P m P (g/10 cm/m2) and a~ % Sum-1-P ( 1 
NH CL NH F 1st Reductant 2nd HCL S I-P Surface-P Occ 1 uded-P Apat i te-P Sum-1-P 
































Shoot Wei ht Wt/L 
Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
0.36 0.84 0.21 1.41 1.4 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na Mg Ca 
0.57 4.33 10.40 0.48 0.47 0.44 
1.19 6,0 6.88 0.24 0.80 0.69 
1.01 4.50 2.44 0.30 0.74 1.41 
Weight of Elements per Shoot (mg dry wt) 
s N K Na Ca 
1. 42 7.54 9.65 1. 14 2.02 z. 13 
·---· ----~-~.-~-·----="""""""""""""""' ______ _ 
S te Site Characteristics 
local i Alt. (m) 
• 0 0 Land Precrp. Aspect Slope Element Class 
Micro Parent Drainage. Soil 
Relief Material Class Classification l Set Map Ref. Date Collector 
Knobby Range 860 
S.a. 





3 Eldefulvic Teviot 5143: 
192-322 1/73 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (2) • C.rubra (2) • Festuaa novae-zelandiae, 
Hunse 11 
7.5 YR 4/2 
Dk.br. 
Texture 















Whole Soil Fractions 
kg/Hl cm/m2 x 10 % min. soi 1 pH 
>li mm li-2 mm <~ mm >~ mm <~ mm 
0 0 12.08 0 100 5.3 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
135 50 17 328 
Quick Tests Readil~ Soluble Phos2hate 
Ca K Hg Truog Bray Olsen 
p No.1. P p 
5 4 48 3 8 16 
p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
15.22 22.34 2.05 







Tussock Shoot Phlsical Pro~erties 
Sample n Length Leaf Shoot Weisht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 l) 
C.rigida 33 8 115.5 6.27 1. 04 t o. 38 2.13 t 0.64 0,34 t 0.09 3.51 3.05 
C.rubra 33a 8 111.0 5.83 0.61 t 0.11 1. 36 t 0.18 0.20 t 0.06 2.17 2.0 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 33 
0.46 t 0.05 0.51 t 0.10 1.94 t 0.19 10.40 t 1.56 0.57 t 0.19 0.49 t 0.09 0.68 t 0.21 
33a 0.36 ±'0,09 0.51 t 0.05 1.75 t 0.33 10.13 t 2.41 0.45 t 0.17 0.46 t 0.07 0.70 t 0.15 
- - -- --- - -----------
- -- - -- - -
....,... 
---- ----
Green 33 0.53 t 0.15 0.63 t 0.03 2.60 t 0.17 9.06 t 1.11 0.19 t 0.07 0.80 t 0.19 1.07 t 0 .. 13 
blades 
33a 0.35 t 0.09 0.61 t 0.09 2.05 t 0.31 7.45 t 1.09 0.43 t 0.19 0.68 t 0.10 0.98 t 0.17 
-- - - - - ---- - ---------·---- - --------------
Dead 33 0.20 t 0.07 0.46 t 0.18 1.37 t 0.11 2.12 t 1.31 0.24 to. 11 0.57 t 0.17 1.54 t 0.32 
tips 
0.16 0.64 33a 1.51 1.68 t 0.44 0. 38 t 0.12 0.58 t 0.18 1. 79 t 0 .so 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
33 1 .63 t 0.44 2.05 t 1.19 7. 76 t 1. 77 30.96 t 11.31 1.08t0.42 2.42 t 0.68 3.54 t 1.06 
33a 0.76 t 0.19b 1.33t0.19b 4.31 t 0. 73b 16.82 ,, 3.56 0.95 t 0.47 1.33 t 0.22 2.12 t 0.41 
Site No. 34 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I Soi I Set Map Ref. (m) Class Element Rei ief Material Class Classification Date 
Knobby Range 860 B 45 10 Hu 1 Chlorite IV 4 Lithi~ Teviot S143: 1/73 
S.a. schist slope eldefulvic 194-333 
detritus 
PhysiQ_g_nomic SpE:cies and Crown Cover of Tall Tussocks ( 
C.rigida (2), Festuca novae-zelandiae, RwuZia subsericea. 
Munse II 
7. 5 YR 4/1.5 
Dk.gr.br. 
Texture Consistence Bulk. 
Density 
st.si. I. fm. 1.11 
ppm 
NH4CL NH 4F 
1st 
NaOH 
0 42 109 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>o--riiin- 6-2 mm .::·Ziiiiil >2 mm <2 mm 
2.36 1.44 7.75 33 67 5. I 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sum 1-P Sol. NaOH 
124 18 5 308 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I: P P 
3 12 31 3 14 24 
p 2 (9/IO cm/m ) and qS % Sum~I-P ( 
Surface-P Occluded-P Apatite~P 
18.97 15.71 0.55 








-Jussock Shoot Phisical Proeerties 
Samp 1 e n Length Leaf Shoot Wei ht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
C.rigida 34 B 112.4 5.88 0.42 0.92 0.24 1. 58 1.41 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Mg Ca 
Sheaths 34 1.17 0. 71 4.50 8.50 0.54 0.94 0.56 
------------
- -- - - - - -
- -- -- - ---
- -- --- -
Green 34 1. 33 0.57 blades 6.50 7.63 0.26 1.20 1.19 
. _, . 







0.45 3.50 0.88 
Weight of Elements per Shoot (mg dry wt) 
s N K 
1. 31 7.78 9.61 
0.25 0.70 1. 56 
Na Mg Ca 
0.46 1. 95 1. 49 
Site No. 35 
Locality 
Carrick Range 
c. rigida (2) • 
Munsell 
].5 YR 5/4 
Br. · 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soil (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
1.210 A 0 25 Hm 1 Chlorite IV 4 C I i ni- Carrick S13'3: 9/70 
L.a. schist slope eldefulvic 918-553 
detritus 
Physiognomk~ecies and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk 
Density 
f .s. 1. v.fr. 
·~- ppm 






Whole Soil Fractions 
kg/10 cm!m2 x 10· %min. soil pH 
>Oiiiin 6-2 mm <2 mm >2 mm <2 mm 
4.4 







HCL Sum 1-P 
21 517 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.I. P P 
9 9 8 70 86 
P (g/10 cm!m2) and as % Sum-1-P ( 
Surrace-P Occluded-P- ~atite-P 























Tussock Shoot Ph~sical Pro~erties 
n Length Leaf Shoot Wei ht 
(em) No. Sheath Green Blades 
8 82.0 4.47 0.44 t 0.09 0.85 t 0.18 
Element Concentrations in Shoot Components (mg/g dry wt) 
p N K 
1. 78 t 0. 13 0.65 t 0.05 6.54 t 0.94 10.08 t 1.48 
1.44 t 0.11 0.70 t 0.04 6.09 t 0.38 8.62 t 0.90 
0. 71 t 0.:0 0.52 t 0.09 3.26 t 0.26 2.22 t 0.43 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
2.23 t 0.43 1.14±0.19 9.14 t 1.70 12.52 t 2.77 
Wt/L 
Dead Tips Total (g/cm x 103) 
0.34 t 0.10 1.63 1.99 
Na Hg Ca 
0.20 t 0.02 0.57 t 0.12 0.81 t 0.18 
0.16 t 0.03 0.81 t 0.10 1.18 t 0.31 
0.13 t 0,02 0.58 t 0.13 2.18 t 0.36 
Na Mg Ca 
0.28 t 0.05 1.14 t 0.19 2.05 i 0.41 
Site No. 36 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sci 1 (m) Class Element Relief Material Class Classification Sci I Set Map Ref. Date 
Pisa Range 1 677 D 315 8 Cr 5 Chlorite IV 3 Ske 1 i- Obelisk 5125: 1/73 
H.a. schist and eldefulvic 023-936 
loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.macra (4), Celmisia viscosa. 
Soil Characteristics 
Whole Soil Fractions 
Munse II Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil 
10 YR 4/2 
Dk.gr. br. gr. s i. 1. L. 
Density >6 mm 6-2 mm "'2 mm >2 mm <2 mm 
1. 15 0 1.62 9.81 14 86 
pH 
4.7 
Inorganic Phosphorus Fractions 
"·--··· ppm 











HCL Sum 1-P 
7 342 
Quick Tests 
Ca K Mg 
2 5 9 





No.I. P P 
28 46 
P (g/10 cm/m2) and as % Sum-1-P ( 






































0.28 t 0.05 
Shoot Weight 
treeri-Blaaes- Dead n ps 
0.43 t 0.06 0.14 t 0.02 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1. 04 t 0.12 0.57 t 0.17 5.94 t 0.92 12.44 t 1.44 0.12 t 0.02 
-------
- -- - - -
- -




0.60 t 0.10 
Wt/L 
(g/cm x ID 3) 
1.4 
Ca 
0.93 to. 11 
- ---- ----
0.75 t 0.14 1.25t0.12 
----------------------------
36 0.44 t 0 13 0.43 3.72 t 1.09 1.37 t 0.58 0.06 t 0.03 0.41 t 0.10 1.57 t 0.38 
Weight of Elements per Shoot (mg dry wt) 
p s, N K Na Hg Ca 
36 0.89 t o. 19 0. 36 t 0.10 6.03 t 1.61 8.87 t 2.05 0.07 t 0.02 0.55 t 0.18 1.06 t 0.13 
Site No. 37 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Mt Alta 1 235 D 225 25 Hm 4 Chlorite 3 Elde-fulvic Dunstan s 115; 1/73 
L.a. schist slope 775-320 
detritus anu 
loess 
Physiognomic Species and Crown Cover of Tall Tussg_cks ( 
C. rigida (2), F estuca novae-zelandiae, RwuUa subsericea. 
Munse 11 
10 YR 3/3 
Dk. br. 
Texture 















Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi I pH 
>6 rnm 6-2 rnm .:: 2 rnm >2 rnm <2 rnm 
0.03 0.28 ].20 4 96 4.9 







HCL Sum 1-P 
25 225 
Quick Tests Readil~ Soluble Phosehate 
Ca K Mg Truog Bray Olsen 
p No.I: P p 
1 4 6 3 18 30 
P (g/10 cm/m2) and a~ % Sum-1-P ( 































Tussock Shoot Physical Properties 
n Shoot Weight length 
(em) 
Leaf 
No. Sheath Green Blades Dead Tips Total 
8 85.9 5. 78 0.51 ± 0.15 1 0 31 ± 0 0 20 0.26 ± 0.06 2.08 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg 
1.09 ± 0.09 0.35 t 0.05 4.13 ± 0.55 8.52 ± 1.27 0.07 ± 0.04 0.55 ± 0.07 
1.61 ± 0.15 0 0 62 ± 0 010 5-97 ± 0.59 8 0 11 ± 0.62 0.02 ± 0.02 0.81 ± 0.13 
0.65 0.41 3.0 2.0 0.01 0.40 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
2.95 t 0.32b 1.25 t 0. 16b 10.27 t 0.59b 15.60 t 2.30b 0.09 t 0.03b 1.92 t 0.24b 
: 
Wt/L 
(g/cm x 10 3) 
2.4 
Ca 
0.57 ± 0.12 
1.28 ± 0.27 
1.63 
Ca 
2.18 t 0.41b 
Site No. 38 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Rei ief Material Class Class i fi cat ion Soil Set Map Ref. Date Collector 
Mt AI ta 1 708 D 225 35 Hm 4 Chlorite IV 3 Fu1vic~ Moon I i ght S115: 2/73 P.A.W. 
H.a. schist e 1 dec 1 i ni c 781~327 
colluvium and 
loess 
Physiognomic Species and Crown Cover of Tall Tusso_f_~_ ( 
C.macra (3), Poa colensoi, Celmisia lyallii. 
Munsell 
7.5 YR 3/4 
st.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk- kg/10 cm/m2 x 10 %min. soil 
Density >6 11111 6~2 11111 <-2 11111 >2 11111 <2 mm 
5 t. 1. fr, 0.90 1. 75 1.43 5.78 31 69 
pH 
4.8 
Inorganic Phosphorus Fractions 
p m 
NH 4CL NH 4F 
·1st Reductant 2nd HCL NaOH Sol. NaOH Sum ]~P 
0 35 74 94 8 50 261 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate 
Truog Bray Olsen so4~s 
P No.J:P P ppm wt 
6 10 3 19 37 6 
p 2 (s/10 cm/m ) and as % Sum~I~P ( 
Surface~P Occluded~P Apatite~P ---Sum~I~P 
6.30 5.90 2.89 15.09 



























0.28 t 0.04 
Shoot Weight 
Green B 1 a des Dead Tips 
0.48 t 0.07 0.07 t 0.02 
Total 
0.83 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg 
1.14 t 0.12 0.63 t o. 10 6.18 t 0.91 10.50 t 1.48 0.09 t 0.03 0.65 t 0.12 
1. 44 t 0. 13 0. 90 t 0. 12 10.73 t 1.50 10,01 t 0. 74 0.04 t 0.01 0.86 t 0.11 
0.39 t 0.09 3.68 t 0.53 1.13 0.05 0.26 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
1.07 t 0.!9 0.62ct 0,16 7.33 t 1.94 7.89 t 1 .27b 0.04 t 0.02b 0.65 t 0.09b 
Wt/L 
(g/cm x lOl) 
1.7 
Ca 
0. 88 t 0. 13 
1.50 t 0.45 
1.50 
Ca 
1.33 t 0.24b 
Site No. 39 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 land . Micro Parent Drainage Soi 1 Soil Set Map Ref. Date (m} Class Element Rei ief Material Class Classification 
Lawrence 213 B 15 12 T 1 Loess and 1 Madenti-fulvic Taieri 5162: 1/73 
w.t. greywacke 354~626 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C. rubra (2), A.grostis tenuis, A.nthoxanthwn odoratwn. 
Soil Characteristics 
Whole Soil Fractions 
Munse II Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soi 1 pH 
Density >6 nrn 6-2 nrn . .::2 nrn >2 nrn <2 nrn 
10 YR 4/1 








0 0.08 8.43 1 99 5.3 




NaOH HCL Sum 1-P 
Quick Tests Readil~ Soluble Phosehate 
Ca K Mg Truog Bray Olsen 
p No.I. P p 
3 4 26 2 7 18 
P (g/10 cm/m2) and as % Sum-1-P ( 
Surface-P -Occluded-P ~----Apatite-P 




































Green B 1 a des De-ad T1 ps 
0.94 0.07 
Element Concentrations in Shoot Components {mg/g dry wt) 
s N K Na 
0.53 3.83 10.70 1.04 
-----------------------
0.54 0.71 5.33 6.88 0.93 
0.53 0.43 3.17 2.0 o. 14 
Weight of Elements per Shoot (mg dry wt) 
p :s N K Na 


















Site No. 40 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 I_ and Micro Parent Drainage Soi 1 Soil Set (m) Class Element Relief Material Class Classification Map Ref. Date Collector 
Wa i tahuna 270 B 180 16 T 1 Loess over 2 Palli-fulvic Waitahuna S171: 1/71 K.F.O'C. 
w. t. greywacke Hi 11 550-516 
colluvium 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rubra (2), Agrostis tenuis, Anthoxanthum odoratum. 
Munse 11 
10 YR 5/3 
Yl. br. 
Texture Consistence Bulk 
Density 
s i. 1. v.fm. 1.04 
m 





Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>onwn 6-2 ""' "'2 nwn >2 nwn <2 ""' 
0 0 10.36 0 100 5.4 
Inorganic Phosphorus Fractions 
Reduct.ant 2nd HCL Sol. NaOH Sum 1-P 
54 28 23 267 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No. J: P P ppm wt 
4 9 35 4 23 24 5 51 .8 
p 2 (9/IO cm/m) and as % Sum-1-P ( 
Surface-P Dccluded-P Apatite-P -- - ~ um-=1--P 
16.78 8.49 2.38 27.65 














Tussock Shoot Ph~sical Pro~erties 
n Length Le:af Shoot WeiiiJht 
(em) No. Sheath Green Blades 
8 85.0 5.23 0.36 t 0.07 0.73 t o. 15 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
0.96 t 0.19 0.99 ,: 0.11 9.34 t 0.74 9.71 t 1.26 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0.16 t 0.13 1.25 1.5 
Na Mg Ca 
0. 32 t 0.10 0.81 t 0.14 0.68 t 0.19 
Na . Mg Ca 
Site No. 41 Site Characteristics 
locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Ora i nage Soi 1 (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Maungatua 854 D 45 3 
< 
Cr 1 Loess over 1 Madenti- Maungatua S163: 1/73 
S.a. chlorite 1V eldepodic 818-697 
schist 
Physiognomic Species a.nd Crown Cover of Tall Tusso_f_k~ { 
C.rigida (4), ft>acophyUum Zongifolium, Hebe b=ifolia. 
Munse 11 
10 YR 2/2 
V.dk.br. 
Soil Characteristics 
Whole SoH Fractions 
Texture Consistence Bulk kg/JD cm/m2 x 10 %min. soil 
Density >6 mm 6-2 mm .::2 mm >2 mm <l mm 
h.s i. 1. W.,S_.S. 0.49 0 0 4.86 0 100 
pH 
4 .. 2 
lnor9anic Phosphorus Fractions 
·~~ ppm 
NH4CL NH4F 










HCL Sum 1-P 
168 
Quick Tests leadily Sol~le Phosphate 
Ca K Hg Truog Bray Olsen 
P No.1: P P 
0 3 9 3 14 17 
P (g/lO cm/m2 ) and as % Sum-1-P ( 


























Jussock Shoot Ph~sical Pro12erties 
n Length Leaf Shoot Wei2ht 
(em) No.· Sheath Green B 1 a des 
8 93.4 5.25 0. 72 t 0. 18 0.93 t 0.27 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
1. 28 t 0. 12 0.80 t 0.10 7.65 t 1.27 14.63 t 1.35 
--~-----------
0.81 t 0.15 0.89 t 0.16 6.08 t 0.74 9.34 t 0.48 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0.24 t 0.04 1.89 2.0 
Na Hg Ca 
0.30 t 0.10 0.69 t 0.10 0.71 t 0.07 





0.35 t 0.07 
p 
1.72 t 0.23 
0.68 t 0.20 3.64 t 0.37 2.58 t 0.78 
Weight of Elements per Shoot (mg dry wt) 
s N K 
1.56 t 0.40 11.73±1.63 19.70 t 1.62 
0.29 t 0.09 . 0.65 t 0.08 1.30 t 0.23 
Na Hg Ca 
0. 54 t 0.13 1.51 t 0.29 1.96 t 0.44 
Site No. 42 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Lake 457 B 45 10 HI 1 Loess over 3 Eldefulvic Wa i pori S162: 1/73 
Mahinerangi m . chlorite IV 642~738 
schist 
Physiog_nomi~~ecies and Crown Cover of Tall Tu~~li { 
c.rigida (2), AgPostia tenuia, Cyathodes fPazeri. 
Munsell 
7.5 YR 4/2 
Dk.gr.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/10 cm/m2 x 10· %min. soil 
Density >6 Rill 6-2 Rill <·Z ·Rill >2 Rill <2 Rill 
s i. I. v.fm. 0.81 0 0 8.0 0 100 
pH 
4.8 
Inorganic Phosphorus Fractions 
·~--- -- - - ppm 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I: P P 
2 10 17 4 19 44 
P (g/10 cm/m2) and as % Sum-1-P ( 










Site No. 43 Site Characteristics 
Loca I i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I Soi I Set Map Ref. Date (m) Class Element Rei ief Material Class Classification 
Rock lands 854 c 90 5 Hu 1 Loess over 3 Eldefulvic Teviot S154: 5/72 S.a. chlorite IV 669~118 
schist 
Physiognomic Species and Crown Cover of Tall Tuss~cls ( 
C.rigida (4), Festuca novae-zelandiae. 
Munse 11 
7.5 YR 3/2 
Dk.br. 
Texture 














Whole Soil Fractions 
kg/lO cm/m2 x 10 % min. soi I pH 
>li 11111 li-2 11111 ..::.~ 11111 >~ 11111 <~ 11111 
0 0.35 ?.42 5 95 4.7 







HCL Sum 1-P 
7 281 
Quick Tests Readil~ Soluble Phos2hate 
Ca K Hg Truog Bray Olsen 
p No.I: P p 
1 4 11 3 11 28 
P (g{l_O ~rn/m2 ) and a~ % Sum-1-P ( 

























Ius sock _S_b_oot Phy_s i ca 1 Properties 
Leaf 
No. 
5,02 0.33 t 0.09 0. 62 ± 0. 16 
Element Concentrat·ions in Shoot Components (mg/g dry ~;t) 
p s N K 
1.27 :t 0.23 0.65 f.. 0.09 4.64 ± 0,31 10.29 ± 1.53 
0.28 ± 0.07 1.23 
Na Mg 
0.24 ± 0.09 o:s3 ± 0.11 
Wt/L 
(g/cm x 10 3) 
1.2 
Ca 
0. 49 !:. 0. 15 








1. 27 +. 0. 17 
0.67 :!: 0.16 
p 
1.37 ± 0.23 
0. 72 i 0. 08 6.39 ± 0.47 8.34 ± 1.03 
0.76 i 0.18 2.97 ± 0.23 2.43 ± 0.57 
Weight of Elements per Shoot (mg dry wt) 
s N K 
0.90 i 0.18 6.30 t 1.56 9.23 t 2.35 
~---·-----~---------·-·--··--,.-··~~---·------~--~---~-~---·~--·· 
o. 12 ± 0.02 0.67 'C 0.14 0.62±0.11 
0.25 ± 0.12 0.62 t 0.09 1.49 :t 0.37 
N.a Mg Ca 
0.23 t 0.08 0.75 ± 0.15 1 .0 ± 0.40 
Site No. 114 Site C h a ru c t e r i s t i c s 
Locality A 1 t. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soil Set Map Ref. Date Co! 1 ector 
Gladbrook 1 220 c 130 15 Hu 3 Loess and 3 C 1 in i- Teviot 5154: 5/72 P.A.W. 
L.a. chlorite IV eldefulvic 706-197 
schist 
Physio~nomic Species and Crown Cover of Tall Tussocks ( 
C.rigida x C.rubra hybrids (3) 
Munse II 
10 YR 4/4 
Dk.yl.br. 
Texture Consistence Sulk 
Density 












Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>~ 6-2 mm ..:c2 nin >2 mm <2 mm 
0 0.32 6.72 5 95 4.9 




















3 6 10 





































---,.,,.......-,-,------,,----,:,S;.,.hL.:.".ot Wei ,<;Jht . 
Sheath Green Blades Dead Tips 
0. 16 ± 0. 08 0.32 ± 0.08 0.11 + 0.04 
Element Concentrations i~ Shoot Components (mg/g dry wt) 
p s N K Na 
1 . 25 ± 0' 16 0.80 ± 0.10 6.50 f 0.87 12.15 !: 1. 53 0.24 t 0.09 
1 '22 f 0.13 0.80 ± 0.16 7.34 ± 1.22 8. 51 !: 1 .07 0.13 ± 0.05 
0. 60 ± 0' 18 0.:30 3.33 ± O.lr8 3.0 ± 0.84 0. 31 :1: 0' 10 
Weight of Elements per Shoot (mg dry wt) 
p ,. 
·' 
N K Na 





0.76 ± 0.20 
0.93 ± 0.22 
1.03 ± 0.46 
Wt/L 
(g/cm x lO 3) 
1.1 
Ca 
0.76 ± 0.12 
1.08 t 0.16 
2.78 ± 0.87 
Mg Ca 
0.56 !: 0.25 0.82 ± 0.25 
Site No. 45 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Siope 0 Land Micro Parent Drainage Soi 1 (m) Class -Element Rei ief Material Class Classification Soil Set Map Ref. Date 
Rock and Pi 11 a r 910 c 90 15 Hm 3 Chlorite IV 3 Eldefulvic Dunstan Sllf5: 5/72 
Range S .a. schist slope 380-326 
detritus and 
loess 
Physiognomic Species and Crown Cov_er of Tall Tussocks ( 
C.rigida (3), Festuca novae-zelwuliae. 
Munsell 
7.5 YR 4/2 
Dk.gr.br. 
Texture Consistence Bulk 
-Density 







Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>l>-mm 6-2 mm <2 mm >2 mm <2 mm 
0 0.21 8.04 3 97 4.5 




NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
0 4 6 









P (9/lO cm/m2) and as % Sum-1-P ( 


































Green B 1 a des Dead Tips 
0.31 0.10 
Element Concentrations in Shoot Components {mg/g dry wt) 
s N K Na 
0.80 7.33 14.30 0.29 
------·----- - -- - - - - -














0.78 3.0 3.88 
Weight of Elements per Shoot {mg dry wt) 
s N K 
0.40 3.27 5.06 













Site No. 46 
locality 
Rock and Pillar 
Range 
C.rigida (3) 
Munse 1 J 
7.5 YR 4/2 
Dk.gr.br. 
S i te Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soil Set Map Ref. Date Collector (m) Class E 1 •ement Relief Material Class Classification 
915 c 90 15 Hm '~ Chlorite IV 3 Eldefulvic Dunstan 5145: 5/72 P.A.W. 
S.a. schist slope 380-326 
detritus and 
loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions _ 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate 50 -S 
Truog Bray 0 lsen 4 
Density >6 mm 6-2 mm < 2 mm >2 mm <2 mm P No. 1 . P P ppm wt 
f. s. l. fr. 0.83 0 0.21 8.04 3 97 4.6 4 10 2 5 14 6 48 
Inorganic Phosphorus Fractions 
PEm p 2 (~/10 cm/m ) and as % Sum-1-P ( 
NH 4CL NHl 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P Sum-1-P NaOH Sol. NaOH Sum 1-P 
-
0 14 51 54 17 7 144 6.03 5.70 1.92 11.57 



























0.42 ± 0.08 
Shoot Weight 
Green B 1 a des Dead Tips 
0,79 ± 0.14 0.29 ± 0,07 
Total 
1.50 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg 
1. 20 ± 0. 10 0.78 ± 0.08 5.47 ± 0.52 13.29 ± 1.47 0.20 ± 0.06 0.63 ± 0.12 
1.24 ± 0.12 0.83 ± 0.10 6.49 ± 0.45 11.10 ± 0.44 0.09 ± 0.03 0.83 ± 0.20 
0.86 ± 0.22 0.92 ± 0.19 2.87± 0.39 4.57 ± 0.67 0.25 ± 0.09 . 0.94 ± 0.26 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na . Mg 
1.74 ± 0.25 1.25 ± 0.21 8.24 ± 1.40 15.67 ± 2.48 0.23 ± 0.05 1.22 :!: 0.34 
Wt/L 
(g/cm x 10 3) 
1.9 
Ca 
0.72 ± 0.10 
0.96 ± 0.21 
2.32 ± 0.54 
Ca 
1. 74 ± 0.39 
Site No. 47 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class E lc~ment Rei ief Material Class Classification Soi 1 Set Map Ref. Date 
Rock and Pillar 920 c 90 15 Hm 4 Chlorite 3 El<lefulvic Dunstan s 14"5: 5/72 
Range m schist 380-326 
slope detritus 
and loess 
Pflysiognomic Species and Crown Cover of Tall Tusso_cks ( 
C. rigida (3), F estuca novae-ze landiae. 
Munse 11 
7.5 YR 4/2 
Dk. gr. br. 
Texture Consistence Bulk 
Density 
f. s. 1. fr. 0.83 
ppm 




Whole Soil fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mrn- --6-2 mri1 < 2 mm >2 -riiil- <2 mm 
0 0.21 8.04 3 qy 4.6 
Inorganic Phosphorus Fractions 
Reducta1nt 2nd HCL Sol. NaOH Sum 1-P 
Quick Tests 
Ca K Kg 
1 4 10 





No.1: P P 
5 14 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 



























Tu~sock Shoot Physical Properties 
Shoot Weight Length 
(em) 
leaf 
No. Sheath Green B 1 a de-s Dead Tips 
65.5 4. 6~; 0.25 0.38 0.20 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0.79 6.67 12.60 0.19 
0.87 7 .f>7 9.88 0.06 
0.91 3.0 4.13 0.30 
-----------------~-------
p 
47 1. 04 
Weight of Elements per Shoot (mg dry wt) 
' 
s N K 

















































Site No. 48 Site Characteristics 
Loca I i ty Alt. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soil (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date Collector 
Rock and Pi 11 a r 1 430 D 45 8 Cr 4 Chlorite IV 2 Vol i ~ Teviot 5145: 5/72 P.A.W. 
Range H.a. schist slope eldefulvic 778··258 
detritus and 
loess 
Physj_()_gnomi c Species and Crown Cover of Ta 11 Tussocks ( 
C. macra (2), Celmisia vis cos a. 
Soil Characteristics 
Whole Soil Fractions Quick Tests 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soi 1 
pH Ca K Mg 
Readil~ Soluble Phosehate 
so4-s Truog Bray Olsen 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm p No. J: P p ppm wt 
5 YR 4/1 gr.f. L. 0.76 0.74 0.84 6.02 21 Dk.gr. s. l. 79 4.5 0 4 6 3 17 37 
6 36 
Inorganic Phosphorus Fractions 
2 p m P (g/10 cm/m ) and a~ % Sum-1-P ( J 




















































Shoot Wei ht Wt/L 3 
Green Blades Dead Tips Total (g/cm x 10 ·) 
0,31 0.16 0.64 1.1 
Element Conc~ntrations in Shoot Components (mg/g dry wt) 
s N K Na Mg Ca 
0.97 6.83 11.40 0.25 0.?0 0.44 
------------- -~---------
0.98 8.17 11 .40 0.12 0.76 0.38 
0.73 3.50 1;., 13 0.33 0.65 1.13 
·------------·----------------------------------- --------,---~----------
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg __ _ Ca 
0. 77 0.58 4.43 6. 10 0.13 0.46 0.37 
Site No. 49 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soi 1 Set Map Ref. Date (m) Class Element Rei ief Material Class Classification 
Lindis Pass 941 c 225 15 F 4 Chlorite I I 4 Eldefulvic Cass 51 i6: 12/72 
S.a. schist slope 385-264 
detritus and 
loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C. rigida (2), F estuca novae-zelandiae. 
Munsell Texture Consistence Bulk 
Density 








Whole Soil Fractions 
kg/:10 cm/m2 x 10 %min. soil pH 
>6 mm 6-2 mm c2 mm >2 11111 <2 11111 
0 0 9.05 0 100 5.3 







HCL Sum 1-P 
5 200 
Quick Tests Readil~ Soluble Phos~hate 
Ca K Mg Truog Bray Olsen 
p No. L P p 
2 11 14 3 13 21 
P (g/10 cm/m2) and a~ % Sum-1-P ( 
















































Green Blades Dead Tips 
1.39 0.29 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0.31 3.50 9.13 0.18 
0.53 7.0 6.94 0.02 
0.33 2.17 1.0 0.01 
Weight of Elements per Shoot (mg dry wt) 
s N K N'l 












































Class Classification Soil Set Map Ref. Date 
4 Eldefulvic Puketeraki 5116: 2/73 
637-244 
Physiognomic Species and Crown Cover of Tall Tussoc_k_s ( 
c.rigida (3), Poa coZensoi, Festuca novae-zeZandiae. 
Munse II 
10 YR 3/3 
Dk.br. 
Texture Consistence Bulk 
Density 
si. 1. fr. 0.67 
ppm 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm 6-2 mm ·~ 11111 >2 11111 <2 11111 
0 0.15 6.51 2 98 5.1 
Inorganic Phosphorus Fractions 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No. I. P P 
5 4 25 4 23 33 







1st Reductant 2nd HCL Sum 1-P Surface-P Occluded-P Apatite-P- ---Sum-f;;p NaOH Sol. NaOH 
-
0 60 66 39 19 3 187 8.20 7.55 0.19 12.17 
(64.4) (31 .0) (1.6) 
Taxon 
C.riJida 













0,62 t 0.20 
Shoot Weight 
Green Blades Dead Tips 
1.29 t 0,26 0.20 t 0.05 













0.45 t 0.08 
0.55 t 0.08 
0.24 t 0.13 
p 
1 0 14 t 0. 26 
s N K Na 
0.42 t 0.14 1.45 t 0.07 9.69 t 1.99 0.38 t 0.20 
0.77 t 0.14 2.43 t 0.17 9.47 t 0.95 0.10 t 0.05 
0.24 t 0.05 1. 10 t 0. 24 1.61 t 0.55 0.08 t 0.02 
Weight of Elements per Shoot (mg dry wt) 
s N K Na 




0.72 t 0.16 
0. 59 t 0. 13 
0.40 t 0.10 
. Mg 
I .35 t 0.48 
Wt/L 
(g/cm x 103) 
2.2 
Ca 
0.86 t 0.09 
1. 48 t 0. 19 
2.54 t 0.29 
Ca 
2.96 t 0.76 
Site No. 51 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Ewe Range 1 434 c 5 10 Hu 2 (h1orite II 3 Voli- Puketeraki s 1 )6: 2/73 
H. a. schist e1defu1vic 637-235 
co 11 uvi um 
Physiognomic Species and Crown Cover of Tall Tuss()_cks ( 
C.macra (3), Festuca novae-zelardiae, Poa colensoi. 
Munse 11 
10 YR 3/2 
V.dk.gr.br. 
Texture Consistence Bulk 
Density 
st. 1. 1. 0.86 
p~m 
NH4CL NH 4F 
1st 
NaOH 
0 28 47 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mlri- 6~2 mrii < Ziiin - >2 rrm <2 rrm 
1. 33 1.0 6.18 27 73 4.9 
Inorganic Phosphorus Fractions 
Redw;tant 2nd HCL So 1 . NaOH Sum 1-P 
100 16 3 194 
Quick Tests 
Ca K Mg 
1 3 6 





No.I: P P 
12 17 
2 P (s/10 cm/m) and a3 % Sum-1-P ( 
Surface P Occluded-P Apatite-P 
4.64 7.17 0 018 
(38 .6) (59.9) ( 1 . 5) 

































0.21 t 0,05 
Shoot Weight 
Green Blades Dead Tips 
0.37 t 0.07 0.16 t 0.04 
Total 
0.74 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg 
1.01 t o.o8 0.46 t 0.13 4.30 t 0.64 7.34 t 0.96 0.19 -t. 0.13 0.25 t 0.06 
1.17±0.11 0.67 t 0.08 6.25 t 0.84 7.53 t 0.51 0,08 t 0.07 0.47 t 0.08 
0.27 0.43 2.50 0.63 0.03 0.23 
Wei!iht of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
0.82 t 0.13b 0.47 t 0.20b 4.09 t O.]Ob 5.59 t 0.96b o.o6 t o.o4b 0.23 t o.o7b 
Wt/L 
(g/cm x 10 3) 
1.0 
Ca 
0.37 t 0.08 
0.62 t 0.13 
0.63 
Ca 
0.42 t O.O?b 
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10/72 K.F .0 I c 0 
Readill Soluble Phosehate 
so4-s Truog Bray Olsen 
p No.I. P p ppm wt 
3 17 29 10 
and as % Sum-1-P ( 




























0.80 t 0.27 
Shoot Weight 
Green B 1 a des Dead Tips 
0,55 t 0.26 0.13 t 0.08 
Total 
1.48 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg 
1.07 t 0.19 0.2:9 t 0.01 3.96 t 0.34 II. 50 t 1.24 0.19 t 0.03 0 0 58 t 0 013 
I. 57 t 0. 38 0.49 t 0.05 6.58 t 0.69 9.73 t 0.83 0.13 ::!:. 0.02 0.69 t 0.09 
0.49 t 0.18 0.34 2.66 t 0.43 0.66 t 0.26 0.11 t 0.02 . 0.21 t 0.12 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
2.80 t 0.64 0.81 ::!:. 0.16b 5.98 ::!:. 2.35 10.86 t 3.86b 0.17 t 0.08 0.69 t 0.47 
Wt/L 
(g/cm x 10 3) 
1.7 
Ca 
1.08 t 0.18 
2.02 t 0.28 
2.71 ::!:. 0.73 
Ca 
2.15 t 1.65 





7.5 YR 3/2 
Dk.gr.br. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Materia 1 Class Classification Soi 1 Set Map Ref. Date Collector 
1 130 c 67 30 HI 4 Glacial 3 C 1 i ni ~ Ka i koura S99: 10/72 K.F.O'C. 
S.a. ti II and eldefulvic 507-703 
loess 
Physiognomic Species and Crown Cover of Tall TussQ_c_~ ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
Density~ 6-2 ITII1 <2 ITII1 >2 ITII1 <2 ITII1 
st.s .1. fr. 4.9 
Inorganic Phosphorus Fractions 
ppm 
NH4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
86 192 S6 30 19 384 
Quick Tests 
Ca K Mg 
4 8 22 










2 P (s/10 cm/m l and as·% Sum-1-P ( 
Surface-P Occluded-P Apat i te-P - --~Sum~FP 

























Green B 1 a des Dead r-f ps 
1.57 t 0.26 0.20 t 0.07 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 5 N K Na 
1.24 t 0.25 0.57 t 0.08 4.54 t 0.68 12.07 t 1.64 0.09 t 0.02 





0.69 t 0.24 
Wt/L J 
(g/cm x 10 ) 
2.6 
Ca 
0. 96 t 0. 16 
1.84 t 0.29 
Site No. 54 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Mackenzie Pass 686 B 135 20 F 1 Greywacke 4 Fulvi~ Kaikoura s 10"1: 
m slope eldefulvic 207-761 12/72 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (3), Festuaa novae-zelandiae. 
Munse 11 
7.5 YR 3/2 
Dk. br. 
Texture Consistence Bulk 
Density 
5 i . 1. fm. 0.92 
w. st. 
p~m 
NH 4CL NH 4F 
lst 
NaOH 
0 52 93 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm 6-2 mm <:zmm >2 11111 <2 11111 
0.37 1. 60 7.02 22 78 5.5 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL 
Sol. NaOH Sum 1-P 
151 20 20 336 
Quick Tests 
Ca K Mg 
8 15 42 





No.I. P P 
12 28 
p (~/10 cm/m2) and as.% Sum-1-P ( 
Surface-P Occluded P Apatite~P 
10.18 12.0 1.40 
(43. 2) (50.9) (6 .0) 

































1.52 t 0.35 
Shoot Weight 
Green Blades Dead Tips 
2.58 t 0.56 0.20 t 0.08 
Total 
4.30 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg 
1.13 t 0.15 0.34 t 0.06 4.78 t 0.55 13.89 t 1. 27 0.25 t 0.09 0. 73 i 0.15 
1.10±0.10 0.53 i 0.03 7.61 i 0.53 10.67 i 0.57 0.08 i 0.02 0.61 t 0.14 
0.43 t 0.15 0.43 i 0.04 4.07 t 1.03 1. 17 i 0.49 0.06 t 0.03 . 0.36 i 0.11 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
. 4. 47 i 1. 05 1.90 t 0.42 26.31 i 5.63 48.82 i 9.60 0. 59 t 0.16 2.74 t 0.61 
Wt/L 
(g/cm x 10 3) 
3.3 
Ca 
1.39 i 0.22 
2.03 i 0.22 
3.06 t 0.52 
Ca 
7.95 i 1.80 
Site No. 55 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m} Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Mackenzie Pass 716 B 10 10 HI 1 Greywacke 4 Eldefulvic Dalgety S101; 12/72 
m slope detritus 228-758 
over loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (3), Fes-tuca novae-zelandiae. 
Munse 11 
5 YR 3/2 
Dk.rd.br. 
Texture 









Whole Soil Fractions 
Bulk kg/10 cm/m2 x 10 % min. soi 1 pH 
Density~! 1>-2 mm < ~ mm >~ mm <~ mm 
0.83 0.37 1.0 6.90 16 84 5.2 
Inorganic Phosphorus Fractions 
Pem 
fst Reductant 2nd HCL NaDH Sol. NaOH Sum 1-P 
138 87 19 19 374 
Quick Tests Readily Soluble Phosehate 
Ca K Hg Truog Bray Olsen 
p No. L P p 
5 14 32 6 30 43 
p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occ 1 uded- P · Apatite-P 
17.18 7.31 1.31 
























Jussock Shoot Ph,lsical Pro[>erties 
n length Leaf Shoot Wei ht 
(em) No.· Sheath Green Blades 
8 98.6 ~; 0 7 0.83 t 0.39 1.39 t 0.49 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
1.33 i 0.14 0. 31 t 0.04 3.64 t 0.32 11.15 i 1. 66 
1. 49 i 0. 09 0.55 i 0.08 7.33 t 0.62 9-27 t 0.86 
0.49 t 0.10 0.33 i 0.05 2.77 t 0.32 0. 56 i 0.17 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
3.32 i 1.20 1.08±0.27 13.83 i 4.47 22.43 ,, 8.82 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0.29 i 0.07 2.51 2.6 
Na Hg Ca 
0.61 t 0.26 0.77 i 0.20 1. 25 i 0.28 
0.17 t 0. 06 0. 85 t 0.15 1.87 i 0.33 
0.08 t 0.02 . 0.39 i 0.09 2.26 i 0.37 
Na Mg Ca 
0.74 i 0.34 2.01 i 0.88 4.44 i 1.91 
Site No. 56 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Relief Material Class Classification Soi I Set Map Ref. Date 
Mt Dalgety 790 c 10 15 
' 
Hu 5 Greywacke 4 Fulvi~ Ka i koura S101: 12/72 
S .a. slope eldecl inic 228~755 
detritus 
Physiognomic Species and Crown Cover of Tall Tussg_~l~ ( 
C.rigida (2), Festuca novae-zelandiae. 
Munse 11 
7.5 YR 3/2 
Dk. br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/HI cm/m2 x 10 % min. soi 1 PH 
Density >6 lliT1 6~2 lliT1 ..: 2 lliT1 >2 lliT1 <2 nwn 
st. gr. ]. 0.82 
'~--- ppm 





3.12 5.03 4.75 63 37 5.7 







HCL Sum 1-P 
61 428 
Quick Tests leadily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
p No.1: P P 
6 22 36 10 55 80 
P {g/10 cm/m2) and as·% Sum-1-P ( 










































1 .36 t. 0. 31 
Shoot Weight 
Green Blades Dead Tips 
2.16 t. 0.57 0.37 t. 0.14 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
1. 08 t. 0.13 0.46:!:. 0.06 3-35 t. 0.23 11.04 t. 1.58 
-----------
- -- -
1.39 t. 0.27 0.64 t. 0.06 6.82 t. 0.91 8.98 t. 1.45 
0. 54 t. 0. 15 0.45 t. 0.04 2.47 t. 0.39 0. 52 t. 0.15 
Weight of Elements per Shoot (mg dry wt) 
p 
4.68 t. 1.24 
,. 
·' 
2.18 ,, 0.52 
N K 
20.04 i 5.05 34.73 i 8.85 
Na 
0.66 t. 0.51 
- - - -
0.17 t. 0.11 
0.07 t. 0.01 
Na 




0.66 t. 0.14 
- ----
0. 73 t. 0.17 
0.41 t. 0. 26 
Hg 
2.58 t. 0.52 
Wt/L 
(g/cm x 10 3) 
3.3 
Ca 
1.23 t. 0.24 
----
2.07 t. 0.44 
2.32 t. 0.44 
Ca 
6.78 i 1.37 
Site No. 57 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soil Set Hap Ref. Date 
Burkes Pass 716 B 135 3 . T 1 Loess over 4 Eldefulvic Glenroy S101: 2/73 
m greywacke 212~887 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (2), Heiracium pilosella. 
Soil Characteristics 
Whole Soil Fractions 
Hunse II Texture Consistence Bulk. kg/10 crn!m2 x 10· % min. soil pH 
5 YR 3/2 












0 0.54 7.34 7 93 5.1 







HCL Sum t~P 
13 278 
Q.ulck Tests Readily Soluble Phosphate 






No.I: P P 
18 26 
P (.!IL!Q_ clll/m2) and as. % Sum- I ~p ( 
















































Green Bla-des- Dead Tips 
1,02 0,14 
Element Concentrations in Shoot Colllflonents (mg/g dry wt) 
s N K Na: 
0_.31 3.83 11.10 0.23 
----------- - -- - -- - -
1.43 0,1+6 6.17 9.13 0.08 
0.50 0,118 3.33 1. 75 0.08 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 












Site No. 58 Site Characteristics 
Local! ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol 1 Sol 1 Set (m) Class Element Rei ief Material Class Classification Map Ref. Date 
Twin Stream 854 D 0 2 . T 1 Greywacke 4 Fluvi~ Craig leburn S89: 
S.a. glacio~ eldefulvic 767-093 2/73 
fluvial 
PhysiognomicSj)ecies and Crown Cover of Tall Tyssocks ( 
C.rigida (2), Festuaa novae-zeZandiae, GauZtheria depressa. 
Munsell 
7.5 YR 4/5 
Dk.br. 
Soil Ch4racteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/10 cm/m2 x to· %min. soil 
Density >6 Rill 6-2 Rill ..:: 2 Rill >2 11111 <2 Rill 
s 01. fr, 0.79 0 0.09 7.74 99 
pH 
4.8 








NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg. 
2 4 13 





No. L P P 
6 14 
P (g/JO cm!m2) and as % Sum-1-P ( 











































Green Blades Dead n ps 
t.J,84 0,18 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0,45 4.33 II ,40 0.18 
0.70 6.33 8.75 0.03 
0.43 2.33 0.75 0.03 
Weight of Elements per Shoot (mg dry wt) 
s N K Na 


















Site No. 59 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol 1 (m) Class Element Rei ief Material Class Classification Sol 1 Set Hap Ref. Date 
Twin Stream 1 189 D 135 36 . Hu 4 Greywacke 0 Cl i ni ~ Ka i koura S89': 2/73 
S.a. slope eldefulvic 765~103 
detritus 
PhysiOQJIO!llic~ecies and Crown Cover of Tall Tus_socks ( 
C.rigida (2), Cyathodes aoZensoi, C,frazeri, 
Munsell 
7.5 YR 4/2 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/10 cm/m2 x 10· %min. soil pH 
s i .1. fr, 
NH4CL NH 4F 





0 0.28 6,0 4 96 5.3 




NaOH HCL Sum 1-P 
Q.ulck Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I: P P 
4 8 22 5 27 33 
P (g/10 cm/m2) and as % Sum-1-P ( 


























Jussock Shoot Physical Properties 
Shoot Weight Length 
(em) 
Leaf 
No.· Sheath Green Blades Dead Tips 
80.6 5.9 0.44 1.20 0.18 
Element Concentrations in Sho.ot Components (mg/g dry wt) 
s N K Na 
0.38 4.0. 9.75. 0.08 
- - -.- - -- -- - - -- -







59 0.25 0.43 3.67 2.50 0.01 0.32 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
59 1.48 1.0 10.42 14.0 0.05 0.89 
Wt/L 








Site No. 60 Site Characteristics 
Loca I i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol I (m) Class E J,ement Rei ief Material Class Classification Sol I Set Map Ref. Date 
Twin Stream 1 189 D 330 27 . Hu 1 Greywacke 4 Eldefulvic Ka i koura S89: 2/73 
S.a. slope 765·102 
detritus 
Physiognomic Species and Crown Cover of Tall Tussoili_ ( 
C.rigida (2), Agrostis tenuis, Anthoxanthum odoratum. 
Munsell 
7.5 YR 4/2 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk- kg/JO cm/m2 x 10· %min. soil 
Density >6 11111 6·2 11111 <2 11111 >2 11111 <2 11111 
st. J. fr. 1 • 17 3.0 4,98 3.69 68 32 
pH 
4.9 
Inorganic Phosphorus Fractions 
'~~-- ppm 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No. I: P P 
6 9 2 7 15 
P (g/10 cm/m2 ) and as·% Sum-1-P ( 













































Green Blades Dead Tips 
1.0 0.17 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0.52 3.83 10.30 0.19 
0,70 5.67 8.0 0.04 
0.44 1.83 0.88 0.01 
Wefght of Elements per Shoot (mg dry wt) 
s N K Na 


















Site No. 61 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Twin Stream 1 500 D 45 40 . Hu 5 Greywacke 4 C 1 i ni- Ka i koura SB9: 2/73 
L.a. slope eldefulvic 307-112 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (4), fracophyUwn uniflorwn, Celmisia lyaUU. 
Munsell 
7.5 YR 5/2 
Br. 
Texture Consistence Bulk 
Density 
s i. 1. fr. 






Whole Soil Fractions 
kg/10 cm/m2 x 10 % mln. soil pH 
>llnin 6-2 rrm <Yiiiin >2 mm <2 rrm 
0 0,63 6.05 9 91 4.8 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.1: P P 
5 6 2 5 12 
P (g/10 cm/m2) and as % Sum-1-P ( 







































Green Blades Dead Tips 
4.22 0.45 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0,115 4.0 9.75 0.60 
------·----- - -- -
0.92 0.72 7.17 8.88 0.30 
0.37 0,47 4.0 1.06 0.03 
Wefgbt of Elements p.er Shoot (mg dry wt) 
p s N K Na 


















Site No. 62 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class El1ement Relief Material Class Classification Soi 1 Set Map Ref. Date 
' Twin Stream 1 670 D 225 40 Cr 1 Greywacke 4 Eldelithic Ka i koura S89: 2/73 
slope 757~110 
detritus 
Physiognomic Species and Crown Cover of Tall Tuss~ck_s ( 
C.rigida (2), C.paUens (1), C.macra (1), li'acophyUum unifZorum, Celmisia lyaUii. 
Munse 11 
10 YR 3/3 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/10 cm/m2 x 10 % mln. soil 
Density >6 mm 6~2 mm <2 mm >2 mm <2 mm 
s. 1. fr. 
pH 
4.6 
Inorganic Phosphorus Fractions 












HCL Sum I ~P 
5 250 
Quick Tests Readily Soluble Phosphate 
Ca K Hg · Truog Bray Olsen 
P No.1: P P 
2 9 12 5 30 46 
P {g/10 cm/m2) and as.% Sum~I~P ( 
Surface~P Occluded~P Apatite~P 


































Tussock Shoot Phlsical Pro~erties 
n Length Leaf Shoot Weisht 
(em) No: Sheath Green B I a des 
8 84.4 6.04 0.73 f:. 0.39 1.82 t 0.48 
8 55.6 S-17 0.20 t 0.06 0.42 f:. o. 15 
8 39.8 6.10 0.30 t 0.07 0.72 t 0.19 
Element Concentrations in Shoot C~onents (mg/g dry wt) 
p 
1.05 t 0,28 
0.86t.0.11 
s 
0.48 f:. 0.07 
0.43 
N 
4.29 f:. 0.34 
4.16 t 0.66 
K 
11.34 t 1.95 
9-37 t 1.0 
Dead Tips 
0.42 t 0.36 
0.09 t 0.05 
0.08 t 0.03 
Na 
0.19t0.13 






0.57 t 0.08 
0.39 t 0.06 
Wt/L 





0.99 t 0.20 
0.6.0 t 0.31 
_1. o u o. 23 _ _ o & t..Q.. 3.!L _!!. Q!Lt. .D.., 4Q._ ..u. au Q...Jl] ..ll.. 35...± o .22 -.D. 61-f:. .o.. n...... _o .l.ll- t .Jl.., 1 ~ _ 
.1.06 t 0.07 
1.10 t 0.23 
1.20 f:. 0.18 . 




2,83 t 0.94 
. 0.68 t 0.13b 
1.24 t 0.36b 
0.68 t 0.06 
0,60 t 0.04 
0.67 t 0.12 
0.39 
0.51 
6.97 t 0.68 
6.91 t 0.58 
6.46 t 0.56 
3.47 t 0.97 
2.50 
3.33 
9.12 t 0.96 
9.02 t 1.11 
11.62 t 0.89 
0.82 t 0.34 
0.75 
4.63 






17.73 t 6.78 
4.91t1.10b 
6.07 t 1.87b 
K 
25.53 t 8.96 
6.84 t 1.46b 
12.07 t 3.61b 
0.03 t 0.03 . 0.74 t 0.25 
0.02 t 0.01 
0.20 t 0.07 




0.23 t 0.15 
0.02 t 0.01b 
0.28 t 0.15b 
0.6.6 t 0.13 
0.89 t 0.22 




1.99 t 1.11 
0.48 t 0.15b 
0.88 t 0.37b 
1.31 t 0.24 
1.04 t 0.31 
1.24 t 0.31 




4.06 t 1.73 
0.71 t 0.47b 
1.25 t o.61b 
Site No. 63 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
. 
Paddle Hi 11 884 c 45 0 w 1 Fluvo~ 3 Madenti- Tasman S81: 8/71 
Creek S.a. glacial fulvic 634-525 12/71 
a 11 uvi um 3/72 
9/72 
Physiognomic Species and Crown Cover of Tall Tuss9cks ( 
C.rigida (3), Agrostis tenuis. 
Huns ell 
7.5 YR 3/2 
V.dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk- kg/101 cm/m2 x 10· % mln. soil pH 
Density >6 mm 6-2 mm <. 2 mm >2 mm <2 mm 
5 i. 1. v.fr. 0.81 
'-- ppm 









0 8.0 0 100 s.o 








Quick Tests Readily Soluble Phosphate 
Ca K Hg- Truog Bray Olsen 
P No.1: P P 
2 5 12 3 16 34 
P {g/10 cm/m2) and as.% Sum-1-P ( 



















































Jussock Shoot Ph_y:sical Pro12erties 
Length L•~af Shoot Wei!jht 
(em) No. Sheath G reen B I a des 
110.1 5.6 1.06:t0.36 1.61 t 0.39 
111.0 6.1 1.15 t 0. 26 1.76 t 0.35 
120.4 6.6 1.35 t 0.20 2.15 t 0.52 
121.6 . 5.5 1. 06 t 0. 32 1.60:t0.42 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N 
6.47 t 1.10 
5.0 t 0.50 
5.18 t 0.25 
K 
13.13 t 2.40 
12.28 t 1.37 
11.11 t 2.81 
Dead Tips 
0.54 t 0.20 
0.43. t 0.14 
0.36 t 0.12 
0.75 t 0.36 
Na 
0.21 t 0.08 
0.34 t 0.11 







0.72 t 0.22 
0.79 t 0.10 
0.80 t 0.08 
Wt/L 






0.93 t 0.23 
1.0 t 0.19 
1.27 t 0.16 
1.84:t0.26 
1. 54 t o. 17 
1.52 f. 0.11 
1.69 t 0.24 
o. 70 j: 0.07 
0.70 t 0.07 
0.57 t: 0.08 
0.65 t 0.12 
----
_2. 7~ t .. 2.: 48_ J1.54 t 1.66 _Q,. 3Q_1 b .:.!.2 ~O.Zi,:t ..Q.; 1L _1.ll:t..Q.2L _ 
·l. 59 t 0. 22 
1. 58 t 0.17 
1.61 t 0.24 
1.51 t 0.18 
0.67 t 0.12 
0.64 t 0.11 
0.93 t 0.22 
0.78 t 0.20 
p 
4.32 t 1.55 
4.85 t 0.57 
5.99 t 1.47 
4.79 t I .47 
.0.80 t 0.08 
0.81 t 0.09 
0.73 t 0.06 
7.40 t 0.65 
7. 74 t 0. 77 
7.59 t 0.77 
10.32 t 1.37 
8,73 t 0.76 
9.10 t 0.94 
0.75 t 0.11 6.66 t 0.46 8,38 t 1.90 
0.60 t 0.07 
0.60 t 0.06 
0.58 t 0.07 
0.62 t 0.16 
4.19 t 0.32 
4.30 t 0.34 
4.30 t 0.42 
3.42 t 0.30 
1.35 t 0.50 
0.97 t 0.21 
1,90 t 0.64 
1. 92 t 0. 99 
Wefght of Elements per Shoot (mg dry wt) 
s 
2.50 t 0.61 
2.34 t 0.27 
2.49 t 0.67 
2.48 t 1.22 
N 
18.31 t 6.60 
23.48 t 5.53 
25.90 t 6.86 
19.61 t 6.03 
K 
28.60 t 11.05 
31.99 t 7. 06 
38.42 ±11.05 
27.59 t 12. I 0 
0,11 t 0.03 
0.10 t 0,01 
0.08 t 0.02 
1.06 t 0.19 
0.94 t 0.10 
1.56 t 0.36 
1.13 t 0.21 
1.47 t lL22 
2.53 t 0.54 
£.:.]0.!_~~- ~5..!_0~- .!._:3~ ~6_-
0.11 t 0.04 
0.09 t 0,01 
0.10 t 0,03 
0.08 t 0.01 
Na 
0. 38 t 0.14 
0.68 t 0.32 
o. 58 t 0.19 
0.54 t 0.32 
0.78 t 0,22 
0.69 t 0.09 
0.86 t 0.22 
0.98 t 0.33 
Hg 
2.55 t 1.03 
3.13 t 0.90 
4.80 t 1.39 
3.24 t 1.41 
1.90 t 0.58 
1 .89 :t 0. 36 
2.53 t 0.54 
2.64 t 0.31 
Ca 
3.52 t 1.60 
4.98 t 1.08 
8.07 t 2.34 
6.06 t 2.35 
Site No. 64 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soi 1 Set Map Ref. Date 
Dogs Range 933 c 0 25 ' HI 5 Greywacke 4 C 1 i ni- Ka i koura S81: 12/72 S.a. and chlorite eldefulvic 628-525 
schist 
colluvi urn 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rigida (2), Agrostis tenuis, Cyathodes colensoi. 
Munsell 
7.5 YR 4/2 
Dk.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk_ kg/ID cm/m2 x 10· %min. soil 
Density >6 nrn 6-2 nrn < -2 nrn >2 nrn <2 mm 
st. 1. fr. 0.90 2,0 2.0 5.0 44 56 
pH 
5.6 
Inorganic Phosphorus Fractions 












HCL Sum 1-P 
26 ?g3 
Quick Tests Readily Soluble Phosphate 
Ca K Kg Truog Bray Olsen 
P No.1: P P 
5 13 31 3 9 18 
P (g/10 cm/m2) and as % Sum-1-P ( 






































0.51 t 0.09 
Shoot Weight 
Green Blades Dead Tips 
0.98 t 0.19 0.25 t 0.10 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.95 t 0.14 0.26 t 0.04 3.97 t 0.58 12.54 t 1.42 0.25 t 0.06 




0.58 t 0.11 
1.01 t 0.21 
---------·-------------------
64 0.33 t 0.11 0.31 2.84 t 0.27 1.55 t 0.40 0,08 t 0.02 0.71 t 0.21 
Wei~Jht of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
64 1.59 t 0.31 0.68 t 0.09b 10.02 t 1.48 16.87 t 2.71 0.23 t 0.07 1.55 t 0.39 
Wt/L 
(g/cm x 10 3) 
2.1 
Ca 
1.0 t 0.18 
2.10 t 0. 46 
2.27 t 0.49 
Ca 
3.23 t 0.85 





10 YR 3/3 
Dk.br. 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Rei ief Material Class Classification Soi I Set Hap Ref. Date 
1 257 c 45 2 T 1 Loess over 2 Vol i- Puketerak i S81 : 12/72 
L.a. . greywacke eldefulvic 617-547 
moraine 
Physiognomic Species and Crown Cover of Tall Tuss9_ck_s ( 
Texture Consistence Bulk. 
s i. 1. v,fr, 









Whole Soil Fractions 
kg/10 cm/m2 x 10· %min. soil pH 
>o mm- --o-2iiiii · < zn~n ->riiin--<:z mm 
0 0 7.69 0 100 4. 8 
Reductant 
So 1 , -
58 








Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I. P P 
4 7 4 14 23 
P (g/10 cm/m2) and as % Sum-1-P ( 


































0.24 t 0.04 
.. Shoot Weight 
Green Blades Dead Tips 
0.42 ~ 0.07 0.17 i 0.03 








1.14 i 0.17 
1.38 i 0.17 
0.45 i 0.06 
p 
0. 94 :!:: 0. 17 
s N K Na 
1 . 23 :c 0. 14 6. 34 i 1.14 11.97 f_ 1.35 0.15 f_ 0.03 
1. 28 i 0.1 i 9.41 i 1.14 10.63 :t 0.69 0.08:!:: 0.04 
0.69 4.13 :!:: 0.43 0. 86 :!:: 0. 21 0. 04 :!:: 0. 0 
Weight of Elements per Shoot (mg dry wt) 
s N K Na 
0.96 :t 0.18b 6.21 t 1.22 7. 48 t 1. 29 0.08 :t 0.03 
Total 
0.83 
0.42 :t 0.06 
0.62 :!:: o. 11 
0. 31 :!:: 0.14 
Mg 
0. 42 t 0. 10 
Wt/L 




1.01 i 0.23 
0.93 t 0.15 
Ca 
0.78 t 0.23 
Site No. 66 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Re 1 ief Material Class Classification Soil Set Map Ref. Date Co 11 ector 
Dogs Range 1 190 c 45 5 Cr 2 Loess over 3 Madenti- Puketeraki S81: 10/72 P.A.W. 
L.a. greywacke eldefulvic 617-536 12/72 
moraine 3/73 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
!'.macra (4) 
Soil Characteristics 
Whole Soll Fractions Quick Tests Readil~ Soluble Phosehate 
Munsell Texture Consistence Bulk kg/JI) cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
so4-s 
Density >6 mm 6-2 mm < 2 mm >2 111!1 <2 111!1 p No.1. P p ppm wt 
-·--· 
10 YR 3/3 
V.dk.gr.br. s i. 1. fr. 0.55 0 0 5.07 0 100 5.2 0 3 3 2 10 15 8 41 
Inorganic Phosphorus Fractions 
ppm p 2 
-
(g/10 cm/m) and as % Sum-1-P ( 
NH4CL NH 4F 
1st Reducltant 2nd HCL Surface-P Occluded-P Apati te=P !>um-1-P NaOH So I. NaOH Sum 1-P 
0 48 87 20 20 2 177 6.85 2.03 0.10 8.98 
















































0.19 t. 0.07 
0.33 t. 0.06 
0.41 t. 0.08 
Shoot Weight 
Green Blades Dead Tips 
0.30 t. 0.09 0.19 t. 0.07 
0.53 t. 0.10 0.19 t. 0.04 
0.70 t. 0.10 0.19 t. 0.02 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1.54 t. 0.07 1.07±0.11 8.50 t. 0.95 11.42 t. 1.61 0.15 t. 0.13 
1.27 t. 0.15 0.86 t. 0.09 5-59 t. 0.55 11.02 t. 1 .25 0.36 t. 0.21 
1.11 t. 0.04 0.89 t. 0.10 5.25 t. 0.67 9.82 t. 0.63 0.21 t. 0.07 
- - - .- - - - - - - - - -- - - - - -
,1.56 t. 0.10 0.92 t. 0.11 8.20 t. 0.71 9. 25 t. 1. 17 0.11 t. 0.06 
1.62 t. 0.18 0.87 t. 0.09 8.33 t. 0.97 10.31 t. o. 71 0.20 t. 0.11 






0.55 t. 0.06 
0.42 t. 0.07 
0.42 t. 0.07 
-
-- --
0. 82 t. 0.10 
0. 77 t. 0.11 
0.81 t. 0.11 
Wt/L 





0.86 t. 0.11 
0.72±0.14 
0.59 t. 0.11 
----
1. 25 t. 0. 36 
1.04 t. 0.26 




0.92 t. 0.27 0.63 t. 0.24 3.86 t. 0.55 1. 59 t. 1.19 0.08 t. 0.03 0.48 t. 0.10 1.42 t. 0.34 
0.60 0.56 3.67 0.75 0.06 0.33 0.88 
1.06 t. 0.33 0.89 t. 0.42 3.67 t. 0.31 2.33 t. 0.71 0.13 t. 0.04 0.87 t. 0.30 2.09 t. 0.52 
. 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
0.98 t. 0.36 0. 56 t. 0. 37 5.15 t. 2.37 5.41 t. 2.41 0.09 t. 0.05 0. 46 t. 0. 18 0.83 t 0.34 
1. 36 t. 0. 17b o.85 t o.17b 6.88 t 1.27b 9.23 t 1.66b 0.25 t 0.16b 0.60 t 0.12b 0.94 t 0.20b 
1.95 t. 0.39 1..23±0.11 8.35 t 1.03 11.19 t 1. 78 0. 19 t 0. 06 0. 90 t 0. 17 1.37 t 0.28 

Site No. 67 




10 YR 4/2 
Dk.gr.br. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi 1 . (m) Class Element Relief Material Class Classification ·Sol 1 Set Map Ref. Date 
-
1 185 c 45 4 F 1 Loess 1 Luviplatic Puketeraki S81: 12/72 
L.a. 615-553 
Physiognomic Species and Crown Cover of Tall Tuss~~ ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil PH 
Density >6 1m1 6-2 1m1 <:: 2 1m1 >2 1m1 <2 1m1 
h. s i. 1. w.s.s. 0.55 0 0 5.46 0 100 5.2 
Inorganic Phosphorus Fractions 
ppm 
NH4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
0 29 80 36 12 1 158 
Quick Tests 
Ca K Mg 
0 3 3 





No.1. P P 
10 15 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
5-95 2.67 0.05 








Site No. 68 




10 YR 3/3 
Dk.br. 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date Collector 
655 D 270 10 Hu 1 Loess over 4 Eldefulvic Bossu S94: 12/72 P.A.W. 
S.a. basalt 183-222 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Texture Consistence Bulk 
Density 
s i. I. fr. 0.73 
'~-- ppm 






Whole Soil Fractions 
kg/Ill cm/m2 x 10 % min. soi I pH 
>orm~ 6-2 111111 ..o2 rm1 >2 111111 <2 rm1 
0 0 7.28 0 100 4.8 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sum 1-P Sol. NaOH 
93 20 7 336 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen sok-s 
P No.I: P P ppm wt 
0 6 18. 3 12 22 18 131 
p 2 (s/10 cm/m ) and as % Sum-1-P ( 
Surface-P Occluded-P A pat i te-P- ---S um;:T-P 
15.72 8.22 0.50 24.44 



























0.67 ± 0.26 
Shoot Weight 
Green Blades Dead Tips 
1.45 ±0.42 0.54 ± 0.20 
Total 
2.32 
Element Concentrations i·n Shoot Components (mg/g dry wt) 
p s N K Na Hg 
. 
1.86 ± 0. 34 0,85 ± 0.13 4.43 ± 0,69 15.68 ± 2,27 1.10 ± 0.25 0.98 ± 0.05 
-.,----
1,97 ± 0.34 0.96 ± 0.12 6. 65 ± 1. 55 10.58 ± 0.68 0.39 ± 0.10 1. 36 ± 0.11 
0.59 ± 0,06 0.59 3.51 ± 0.67 0.92 ± 0.51 0.29 ± 0.11 . 0.46 ± 0.07 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
4.05 ± 0.97 2.07 ± 0.56b 13.38 ± 4.43 26.02 ± 8.47 1.34 ± 0.39 2.72 ± 0.77 
Wt/L 
(g/cm x 10 3) 
2.4 
Ca 
0.93 ± 0.17 
1.75 ± 0.27 
1.32 ± 0.27 
Ca 
3.40 ± 1.08 
Site No. 69 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I {m) Class E l E~ment Rei ief Material Class Class i fi cat ion Soi I Set Map Ref. Date Collector 
Porters Pass 946 c 157 9 < F 3 Loess over 4 Vol i ~ Puketeraki S74: 9/70 K.F .0 'C. 
S.a. greywacke eldefulvic 214-853 
colluvium 
Physiognomic. Species and Crown Cover of Tall Tussoc:k_s ( 




10 YR 3/2 
Dk. br. 
Whole Soil Fractions 
Texture Consistence Bulk· kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm 
f. s. I. fr. 0.68 0.32 0.35 6.09 10 90 5.2 
Inorganic Phosphorus Fractions 
ppm 
NH4CL NH 4F 
· ist Reducunt 2nd HCL NaOH Sol. NaOH Sum 1-P 
-
0 166 208 149 15 26 564 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No.I: P P ppm wt 
5 7 4 31 32 8 48 
P {~/10 cm/m2) and as·% Sum-1-P ( 
Surface-P Occluded-P Apatite-P Surii::T-P 
22.78 10.0 1.58 34.34 

















:russock Shoot Ph~s i ca 1 Pro~erti es 
n Length Leaf Shoot Wei!jh"t Wt/L 
(em) No.· Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
12 54.4 3 .. 90 0.13 t 0.03 0.30 t 0.12 0.09 t 0.01 0.52 1.0 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg Ca 
1.63 t 0.24 7.44 t 1.30 13.32 t 1.63 0.19 t 0.07 0.62± 0.15 0.81 t 0.17 
2.04 t 0.23 9.15 t o. 70 11.59 t 0.88 0.13 t 0.03 0.90 t 0.15 0.98 t 0.12 
- - -- - - - - -- - - - - - - - .- - - - - -- - ------
0.86 t 0.11 2.82 t 0.37 0.99 t 0.24 0.04 t 0.01 . 0.55 t 0.14 1.32±0.32 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
0.92 t 0.20 3.99 t 0.94 4.97 t 1.55 0.07 t 0.02 0.41 t 0.09 0.61 t 0.21 









0 Slope 0 

















Classification Sol l Set 
Clini-fulvic Hurunui 
Map Ref. Date Collector 
574·: 9/70 S.M. 
233-842 
Physiognomic Species and Crown Cover of Tall Tus_s_o_c_~_ ( 
C. flavescens (2), C. macra ( 1), !Pacophy llwn aceroswn. 
Soil Characteristics 
Munsell 
Whole Soil Fractions 
Texture Consistence Bulk_ kg/ICI cm/m2 x 10 %min. soi 1 
Quick Tests 
pH Ca K Mg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
Density >6 mm 6-2 mm c:: 2 mm >2 mm <2 mm P No.1. P P ppm wt 
7.5 YR 2/2 st. s i. v.fr. 1. 04 4.14 1. 38 4.52 55 V.dk.br. 1. 45 5.5 4 12 35 6 50 44 2 9 
Inorganic Phosphorus Fractions 
P(!m p 2 (9/lO cm/m ) and as % Sum-1-P ( 
NH 4CL NH 4F 
1st Reductant 2nd HCL Sum 1-P Surface-P Occluded-P 
Apat i te-P ____ Sum-1-P 
NaOH Sol. NaOH 
-
0 . 244 165 118 18 56 602 18.49 6.14 2.53 27.21 
(68. 1) (22.6) (9.3) 



















Jussock Shoot Phlsical ProQerties 
n Length Leaf Shoot Wei ht Wt/L (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
12 86.1 5.6 0.92 f 0.34 2.19 f 0.67 0.44 f 0.99 3-55 4.1 
12 84.0 4.4 0.25 f 0.05 0. 50 f 0. 10 0.26 f 0.05 1.01 1.2 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg Ca 
1. 75 f 0.20 4.94 f 0.60 18.45 f 2.33 0.09 f 0.03 0.47 f 0.06 1.40 f 0.15 
1.44 f o. 10 6.90 f 0.47 14.40 f 1.33 0.21 f 0.06 0.50 f 0.06 1.31 f 0.14 
-----------
- -- - - - - - - ---- ----
1. 54 f 0.11 7.08 f 0.60 11.49 f 0.73 0.07 f 0.02 0.81 f 0.08 2.05 f 0.27 





0.84 f 0.23 2.42 f 0.26 2.60 f 0.46 
I. 09 t 0.14 3. 59 f 1. 18 I . 81 f 0. 38 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
5.18 f 1.42 20.35 f 5.90 44' 46 :t 15 '90 
1. 51 f 0. 23 6.79 f I .32 10.51 :t 2.23 
0.07 f 0.01 
0.07 f 0.03 
Na 
0.27 t 0. II 
0.14 f 0.04 
0.91 f 0.14 
0.56 f 0.11 
Hg 
2.60 t 0.80 
0.63 t 0.13 
4.76 f 0.56 
2.53 f 0.33 
Ca 
7.93 t 2.66 
1 .66 t 0' 30 
Site No. 71 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soi 1 Set Map Ref. Date 
Starvation Gully 854 c 20 29 HI 5 Greywacke 4 C 1 i ni- Tekoa S74; 9/70 
S.a. colluvium eldefulvic 197-856 
Physiognomic Species and Crown Cover of Tall Tuss~~ls ( 
C. fZ.a:vesaens, Il'aaophyUwn aaeroswn. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk. kg/101 cm/m2 x 10· %min. soil pH 
10 YR 3/2 
V.dk.gr.br. 











5.51 1.87 1.84 80 20 6.0 







HCL Sum 1-P 
65 322 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No. I: P P 
4 11 21 3 27 16 
P (g/10 cm/m2) and as.% Sum-1-P ( 






























Tussock Shoot Physical Properties 
n Shoot Weight Length 
(em) 
L,eaf 
'No., Sheath Green Blades Dead Tips Total 
12 82.2 5.2 0.88 t 0.30 1 .80 t 0. 40 0.37 t 0.06 3.05 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K Na Mg 
1. 20 t 0. 31 6.25 t 0.87 16.50 t 2.06 0.07 t 0.02 0.55 t 0.06 
1.11 t 0.21 8.59 t 1.07 9.80 t 0.68 0.04 t 0.01 0.92 t 0.11 
0.43 t 0.10 3.76 t 0.40 2.49 t 0.50 0.06 t 0.02 ' 0.86 t 0.14 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
3.32 t 1.13 22.49 t 6.09 33.79 t 9.65 0.18±0.10 2.43 t 0.57 
Wt/L 
(g/cm x 103) 
3.7 
Ca 
1.49 t 0.17 
2.24 t 0.36 
4.22 t 0.89 
Ca 
7.0t 2.13 
i Nc 72 Site Characteristics 
~'-''"·-r."""o"""""""-=""""'==---~---~~~-~~----~~~,-~~--·---.~---· -·----~-·~~·-·~<------------
Loca1 i ty A It. ; p. .'\s pee t 0 
L3SS 
1\cheron Va 1 i 732 c 0 
. a, 











Class Classification Soil Set Map Ref. Da Coi ector 
4 Eldefulvic Tekapo 574: 9/70 S,M 
126-798 
--·--·---~-~-----~------··------------·---·-··--·--·-----· -------------~--~-------------------
£:11Ls i o_g no _flli c . Spec i e s and Crown Cover of T a 1 1 Tussocks 
f'"lavescens ( 1):. n-,acophJ:f t lwn acer'osvJnj F estuca novae--ze landiae. 
Munse 11 
10 YR 3/3 
Die br. 
Texture 
f. 5. l. 
Soil Characteristics 
Whole Soil Fractions 
Consistence Bulk kg/10 cm/m2 x 10 %min. sol 1 
DensIty >"b ·m;n·--b='Z"mm .c ~ mm >2 mm <Z mm. 
--------
v,fr. 0.81 0.81 0.89 6.110 21 79 
Quick Tests 
pH Ca K 
5.6 4 6 
Inorganic Phosphorus Fractions 
-------~---------,--, 











!\earl i I y S£.1 ub 1 e Pho~ha te 
Truog Bray Olsen 
P No.1 , P P 
2 11 
____ , ___ _ 
9.47 
( 33. 1) 
3.26 

























Sheath Green Blades Dead Tips 
0.67 t 0.46 1. 6CJ t 1. 07 0.20 ± 0. 13 




(g/cm x 10 3) 
3.2 
No. P S N K Na Mg Ca 
72 1.14 ± 0.33 6.43 t 1.41 24.35 t 4.22 0.07 ± 0.03 0.61 ± 0.17 1.53 ± 0.25 
72 0.9 t 0.14 7.87 t 1.30 15.11±1.18 0.06 t 0.02 0.82 ± 0.13 2.03 ± 0.47 
72 0.22 t O.Olt 3.69 t 0.68 4.20 ± 2.34 0.05 ± 0.04 0.73 ± 0.28 3-57 t 0.94 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
72 2. 10 ± 1. 09 16.72 i 8.93 41 -55 0.16 2.82 6.06 
····~----~-----~-----~·------ ""--·----~~~-~--~··-~-~- --- . -~------~~~------~------~--~----~----·----·---- ----- ··----------
Site No. 73 Si t_e _ _Ql_aracteri s!J_s;_~ 
-~~·~-~-~-~.~--~--'·-·-~·---------------·----·------ -----------· 
Locality AI t. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi i (m) Class E ement Relief Material Class Classification So i 1 Set Map Ref. Date 
-=~.,.--,., 
Acheron Valley 854 c 135 18 T 1 Greywacke 4 Vol i~elfulvic Cass Hi 11 S74: 9/70 
S.a. co 11 uv i um 1614~819 
and loess 
------------------------------------------~P=h~y=s==i=o:g=n=o=m=i=c::~pecies and Crown Cover of Tall Tussocks ( 
C.macra (2), noacophyUwn aceroswn, Celmisia spectabiliB. 
Soil Characteristics 
Whole Soil Fractions 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil PH 
Density ~mm 1;-2 mm <2 mm >2 mm <2 mm 
------------------------------------~~------
10 YR 4/3 
Dk. br. 5 i. 1. fr. 0,68 0.09 0.31 6.33 6 94 5. It 
Inorganic Phosphorus Fractions 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
p No.1. P p 
9 21 5 31 32 






NH 4CL NH4F Reductant Sol. HCL Sum 1-P 
Surface-P Occluded-P Apatite P Sum-1-P 
NaOH NaOH 























Jussock Shoot Ph~sical Pro~erties 
n Length leaf Shoot Wei ht 
(em) No. Sheath Green Blades 
12 64.5 lj_ 2 0.19 t 0.04 0.37 t 0.09 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
J. 46 t 0' 13 7. 04 t I. 20 11 .25 t 1 .15 
1.94 t 0.13 7.97 t 0.62 10.95 t 1.01 
1. 28 t 0.20 2.48 t 0.29 1. 87 :!: 0. 46 
Weight of Elements per Shoot (mg dry wt) 
p N K 
1. 28 t 0. 29 4.93 t 1.39 6.87 +. 2.23 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0.21 t 0.03 0. 77 1.2 
Na Mg Ca 
0.10:!:0.02 0,49 t 0.11 0.88 t 0.10 
0.06 t O.OJ 0.77 t 0.15 1.02 t 0.08 
0.03 t 0.01 . 0.62:!: 0.17 1.97 ± 0.37 
Na Mg Ca 
o.os t 0.01 0.54 t 0.18 0.98 :!: 0.24 



























Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.macra (i), C.paUens (2), C.crassiuscula (1), Celmisia lyallii. 
Munsell 
10 YR 4/4 
Dk.yl.br. 
Texture Consistence Bulk 
Density 




Whole Soil Fractions _ Quick Tests 
kg/HI cm/m2 x ]0 % min. soi 1 pH Ca K Mg 
· 6-2 mrn .c2 mm >2 mm <2 mm 
0 0.35 6.69 5 95 4.7 4 7 
Inorganic Phosphorus Fractions 
SQll Set 






Readily Soluble Phosphate 
Truog Bray Olsen 
P No.1. P P 






~~·--~~~·~----~-·-·~--~~"-~--:-~~----~-----:::-~~-~--------·"' __ P (gll.Q cm/m2) and as % Sum-1-P ( ) 
st Reductant HCL S I-P Surface-P Occluded-P Apatite-P Sum-!-P 
NaOH Sol • NaOH urn 
NH4CL NH~F 
0 21 45 15 3 70 154 4.41 
(42. 9) 









n l:aaf Shoot He i !lh,L_, ----~S~h~e-a'~t~h--------~G~-r-e_e_n~B~lades Dead Ti Total 
Wt/L 






























0.28 ± 0,07 
0.53 t 0.05 
0.17 
0.61 t 0.12 
1.32 t 0.25 
0.44 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
0.26 ± 0.02 
0.29 ± 0.03 
0.75 
. 0.28 t 0.03 
0.29 t 0.03 
1.03 
0.08 t 0.04 
0.06 t 0,06 
0.18 
s N 
0,93 t 0.17 1.52 t 0.17 
0.77 t 0.05 1. 70 t 0. 32 
1. 03 s. 17 
1. 01 t 0.15 2,72 ± 0.28 
0,93 :t 0.11 2.82 t 0,21 
0. <J8 9. 17 
0. 58 ,. 0. 19 0.85 t 0.15 
0.83 t 0.32 
o.;;8 3.0 
K 
10.20 t 0.96 
13.62 t 2.03 
11.50 
9.17 ± 0.92 
9.98 ± 0.55 
9.26 
0.92 i 0,1;2 
0. 52 t 0. 14 
1.0 




?4 0,27 t 0.16 0.92 ± 0.20 
74a 0,55-!- 0.20 1. 0.94 
0.58 
N 
2. 38 t I. 15 
1L60 t 1,04 
5.03 
K 





0,16 ± 0,04 
0.22 t 0.07 
0,04 
Na 
0.10 ± 0.01 
0.53 ± 0.34 
0.58 
0.04 i 0.01 
0. 22 t 0. 17 
0.30 
o. 14 ± 0.24 
0.06 t 0.01 
0.05 
Na 







0.32 t 0.05 
0,56 t 0.13 
0.39 
0.38 ± 0.06 
0. 62 t 0. 12 
0.56 
0.38 t 0.09 
0, 11 ± 0. 09 
0.14 
Mg 
a .4o t o. 17 





0.70 to. 11 
1.07 t 0.16 
0.44 
0.79 ± 0.08 
1. 20 t 0. i 8 
1.13 
1 .66 f:_ 0.31 
0.81 ± 0.22 
0,38 
Ca 
0.81 t 0. i9 
.54 t o. 
59 

Site No. 75 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soil (m) Class Element Rei ief Material Class Classification Soi 1 Set Map Ref. Date Collector 
Arthurs Pass 884 F 270 10 F I Greywacke 1 Luviplatic Lewis S59: 2/72 P.A.W. 
S.a. col Juvium 053-318 
Physiognorn_i_<:_ipecies and Crown Cover of Tall Tussocks ( 
C.rubra (3), Carpha aZpina. 
Soil Characteristics 
Whole Soil Fractions 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
7.5 YR 3/2 





Density >6 mm 6-2 mm .:::-2 mm >2 mm <2 mm 
0.64 0.27 0.45 5.60 10 90 4.0 
Inorganic Phosphorus Fractions 
PJ:!m 
'1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
-
19 9 4 4 72 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No.I. P P ppm wt 
0 2 9 3 43 13 9 50.4 
P (s/ 10 cm/m2) and as ·% Sum-1-P ( 
Surface-P Occluded-P Apat i te~P ----Sum-1-P 
).08 0.73 0.22 4.03 
(76 .4) ( 18. 0) (5.6) 
Site No. 76 Site Characteristics 
-
Locality AI t. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Temple Basin 1 067 E 225 20 Hm 5 Greywacke 2 Elde~cl i nic Spencer S59: 3/71 
L.a. slope 057-337 11/72 
detritus 
Physiognomic Species and Crown Cover of Ta 11 Tusso_c_k_o; ( 
C.pallens (2), C.flavescens (1), C.crassiuscula, C.rubr,a, C,sp, 
Munse 11 
10 YR 4/2 
Dk.gr.br. 
-·----···---
Texture Consistence Bulk 
Density 
v.st.l. fm. 0,40 
ppm 
NH4CL NH1/ 1st NaOH 
28 45 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6- mm --o.:.zmm--2y-mm >2 mm <2 mm 
1. 36 0.41 2. 18 45 55 5.3 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
1 4 6 77 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.I. P P 
2 4 9 3 9 8 
p (~ll 0 cm/m2) and as ·% Sum-1-P ( 
Surface P Occluded-P A pat i te-P 
1 • 511 0.11 0.15 





























Tussock Shoot Phlsical Pro~erties 
n Length Leaf Shoot Weisht Wt/L 
(em) No. Sheath Green B 1 a des Dead Tips Total {g/cm x 10 3) 
8 47.1 6.7 0. 38 :t 0. l 0 0.83 :t 0.21 0.13 :t 0.03 1.34 2.8 
8 53.6 6.0 0.23 :t 0.05 0.48 :t 0.09 0.12 :t 0.03 0.83 1.5 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s. N K Na Hg Ca 
0.50 :t 0.05 1,12 :t 0.11 5.18 :t 0.66 14.04 :t 2.11 0,88 :t 0.16 0.67 :t 0.11 1.06 :t 0.16 
0.60 :t' 0.05 1.47 :t 0.05 7.53:t1.17 14.02 :t 1.79 0.79 :t 0.27 0.94 :t 0.12 0.82 :t 0.14 
------·----- - -- - - - - -
~ 
---- ----
0.58 :t 0.02 1.46 :t 0.09 9.49 :t 0.67 10.~2 :t 0.07 0.55 :t 0.17 0.88 :t 0.12 1.62 :t 0.29 
0.61 :t 0.04 1.69 :t 0.16 10.45 :t 1 .13 11.71 :t 1 .53 0.46 :t 0.15 1.10:t0.18 1.25 :t 0.24 
-- - -
__ .. __________ 
- --------------
o. 13 :t 0.01 0.80 :t 0.08 2.95 :t 0.24 0.90 :t 0.25 0.23 :t 0.18 0.39 :t 0.79 1 .38 :t 0.15 
0.10 :t 0.02 0.85 :t 0.10 3.13 :t 0.41 0.92 :t 0.53 0.14 :t 0.03 0.45 :t 0.10 1.45 :t 0.30 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
0. 70 :t 0. 20 1.73:t0.42 14.34 :t 2. 80 11.83 :t 3.85 1.03 :t 0.24 1.01 :t 0.20 1.86 :t 0.43 
0.45 :t 0.07 1. 25 :t 0.21 7.15:t1.27 8.97 :t 1.68 0. 44 :t 0.16 0.83 :t 0.24 0. 96 :t 0. 21 
Site No. 76a Site Characteristics 
~.
Loca 1i ty Alt. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Rei ief Material Class Classification Soi 1 Set Map Ref. Date 
Temple Basin 1 067 E 225 20 Hrr 5 Greywacke 2 Elde,cl inic Spencer 559.; 3/71 
L.a. slope 057~337 11/72 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pa~~ens (2), C.f~avescens (1), C.crassiuscu~a, C.rubra (1), C.sp. (1). 
Munse 11 
10 YR 4/2 
Dk.gr.br. 
Texture 













Whole Soil Fractions 
kg/1 0 c:m/m2 x 1 0 % min. soi 1 pH 
>b mm b-2 mm < ~ mm >~ mm <~ mm 
1. 36 0.41 2.18 45 55 5.4 






HCL Sum 1-P 
7 72 
~·~~---,~-~-------
Quick Tests Readill Soluble Phos~hate 
Ca K Mg Truog Bray Olsen 
p No.I. P p 
2 4 10 2 8 8 
2 
. _! (g/10 cm/m ) and as.% Sum-1-P ( m 



































Jussock Shoot Phxsical Pro~erties 
n length L<aaf Shoot Wei51ht 
(em) No. Sheath Green Blades 
8 56.6 7.8 1.29 ± 0.29 2.57 ± 0.23 
8 83.8 7.0 1.64 ± 0.46 3.67 ± 0.74 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
0.51 ± 0.04 
0.55 t-0.02 
0.50 t 0.02 
0.42 t 0.04 
0.10 t 0.03 
0.08 ± 0.06 
p 
2.50 t 0.48 
1 .99 t 0.20 
s 
0.70 t 0.03 
0.67 t. 0.10 
1.08 t 0.11 
1. 08 t 0. 15 
0.55 t 0.15 
0.58 t 0.05 
N 
4.33 t 0.33 
5.20 t 0.57 
7.45 t 0.40 
7.53 t 0.63 
2.80 t 0.90 
2.51 t 0.44 
K 
13.37 t 0.81 
15.37 t 1.38 
11,47 t 0.60 
11.19 t 0.58 
0.65 t 0.52 
1.08 t 0.35 
Weight of Elements per Shoot (mg dry wt) 
5. 25 t 1. 19 
3.99 t 0.94 
N 
37.02 t ].81 






0.22 ± 0.10 
0. 39 ± 0.12 
Na 
0.41 t 0.20 
0.24 t 0.10 
0.36 t 0,17 
0.15 t 0.05 
0.11 t 0.07 
0.10 t 0.02 
Na 






0.51 t 0.05 
0.55 t 0.10 
0.87 t 0.10 
0.68 t 0.08 
0.40 t 0.27 
0.43 t 0.06 
Mg 
3.53 t 0.63 
3.14 
Wt/L 




0.85 t 0.08 
0.58 t 0.11 
1.51 t 0.10 
0.91 t 0.09 
1.98±0.69 
1.43 t 0.22 
Ca 
4.88 t 1.20 
6.12 
Site No. 76b Site Characteristics 
Loca 1 i ty Alt. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
Temple Basin 1 067 E 225 20 Hm 5 Greywacke 2 Elde~cl i nic Spencer 559: 3/71 
l .a. slope 057-337 11/72 
detritus 
Physiognomic Species and Crown Cover of Ta 11 Tusso_c_k_s_ ( 
C.pallens (2), C.flavescens (1), C.crassiuscula and C.sp. 
Munse 11 
10 YR 4/2 
Dk.gr.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm .::2 mm >2 mm <2 mm 
v. st. I. fm. 0.40 1.36 0.41 2.18 45 55 5.4 
Inorganic Phosphorus Fractions 
_,££!!!_ 
-
NH4CL NH 4F 
ist Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
28 46 2 4 6 87 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
p No.I. P P 
2 4 14 3 10 10 
p 2 (~/10 cm/m) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite""P 
1. 63 1. 04 0.17 
(86. 2) (6 .9) (6 .9) 
Collector 






Tussock Shoot Phxsical Pro~erties 
Sample n Length Le:af Shoot Wei9ht Wt/L 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tips Total (g/cm x 10 3) 
C.arassiusaula 76b.1 8 22.6 5.61 0.14 t 0.05 0. 36 t 0.12 0.02 ! 0.01 0.52 2.3 
76b.2 8 28.3 5.25 0,13 t 0.02 0.33 t 0.04 0.03 t 0.01 0.49 1.7 
Element Con,centrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 76b. 1 0.40 t 0.05 1. 36 t 0. 08 4.25 t 0.54 12.57 t 1. 55 1.07 t 0.36 0.45 t 0.21 0.75 t 0.37 
76b.2 0.50 t' 0.04 1.48 t o. 14 5.63 t 0.57 10.41 t 1.13 0.96 t 0.16 0.45 t 0.08 0.57 t 0.13 
--- -
-----------




Green 76b. 1 0.46 t 0.03 1.48 t 0.11 7.04 t 0.75 10.01 t 0.80 0.68 t 0.08 0.91±0.15 1 .40 t 0.26 
blades 
76b.2 0.50 t 0.04 1.77±0.15 8.50 t 0.77 9.67 t 0.72 0.52 t 0.11 0.89 t 0.13 1. 30 t 0.15 
-- - - - - ---- - - -----------
- --------------
Dead 76b.1 0.18 4.25 2.30 0.15 0.52 1.25 
tips 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
76b. 1 0,22 t 0.07a o.86bt o.49 3.09 t 0.99a 6.58 t 4.32a 0.48 t 0.37a 0.43 t 0.19a 0.69 t 0.57a 
76b.2 0.26 t 0.03b 0. 78 t 0. 13b 3.65 t 0.49b 4.63 t 0.69b 0.30 t 0.03b 0.38 t 0.08b 0.56 t 0.09b 
"""""""""'="'""""""'---=~---=~"-·~·"'="'~~-_,....,----~-~-.~~~=~-==-------.oo:-=r.->~~-~~~-=-~------~~-------~--· ~-·--~ 
Site No. 76c Site Characteristics 
--·~.-
Local tty Alt. Preclp. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class C 1 ass i fi cation Soil Set Map Ref. Date 
Temple Basin 1 067 E 225 20 Hm 5 Greywacke 2 Elde-cl inic Spencer 559; 3/71 
L.a. slope 057-337 11/72 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens (2), C.flavescens (1), C.crassiuscula, C.rubra (1), C.sp. (1) 
Munsell 
10 YR 4/2 
Dk.gr.br. 
Texture 














Whole Soil Fractions Quick Tests Readil~ Soluble Phosehate 
kg/10 ·cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
>li mm •b-2 mm amm >~ mm <~ mm p No.I. P p 
1. 36 0.41 2.18 45 55 5.3 1 5 9 3 10 11 







HCL Sum 1-P 
10 96 






( 10 .4) 
Collector 


























0.53 t 0.16 
0.55 t 0.14 
Shoot Weight 
Green Blades Dead Tips 
1.22 t 0.37 
1.47 t 0.31 
0,24 t 0.06 





(g/cm x 10 l) 
2.2 
3.6 












76c 0.55 t Oo07 
76d 0.50 t Oo04 
-- - ---
76c 0.41 t 0.04 
76d Oo46 t 0.04 
76c 0 0 23 t 0.17 
76d 0.10 t 0.03 
~~·~----~----~-
p 
76c 0.81 t 0.21 
76d L 03 t 0. 1 
s N K 
1.13i0o16 5. 16 t Oo 69 12098 t lo48 
0. 97 i 0 011 4o30 t Oo37 14o37 t 2.37 
------- -
-- -
1.14:!:0.16 6.o37 t 0.56 8. 17 t 1 0 08 
1.20 t 0.08 7.11 t 0.46 9o99 t 1.26 
------------
-
1 .84 :!: 0.51 7 019 t 2 0 58 4.10 t 2.27 
0.69 :!: 0.51 2.58 t 0.56 0.85 t 0.59 
Wei gilt of Elements per Shoot (mg dry wt) 
N K 
2.13 t 0.51 1 . 10 :!: 2.83 17.46+5.1!3 
2.81 :t0.43b 13.94 :!: .?lb 22.64 t ~·. 
Na Hg Ca 
Oo80 t 0.21 0.37 t Oo04 Oo38 t Oo07 
Oo82 t 0.25 Oo55 t 0.06 0.78 t Oo20 
- - - - - ---- ----
0 0 62 t 0.19 Oo51 t Oo16 0.61 t Oo10 
0.49 t Oo20 0.67 t 0.10 1o17t0o15 
--------------
0.35:!: 0.18 0.97 t 0.38 2.29 t Oo99 
Oo25 :!: 0.16 0.20 t 0.06 0.79 t Oo21 
Na Ca 
1.92 ± 0.42 .89 ± 0.29 .2 ± Oo43 
1 0 30 i 0 0 .34 ± 0.31b 2 0 60 ± 1 .01 b 
Site No. 77 Site Characteristics 
-
Locality Alt. Preclp. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date Collector 
Temple Basin 1 296 F 315 8 T l Greywacke 2 Madenti~podic Spencer ss·9; 12/71 P.A.W. 
L.a. colluvium 065-338 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.crassiuscula (2), C.pallens (1). 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readil~ Soluble Phos~hate 
Munsell Texture Consistence Bulk. kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
so4-s 
Density >6 mm 6-2 mm ..::.2 mm >2 mm <2 mm p No.1: P p ppm wt 
7.5 YR 5/2 
st.si.l. fr. 0. 77 0.63 0.87 6.09 20 Gr.br. 80 4.2 0 3 3 
2 14 9 8 49 
Inorganic Phosphorus Fractions 
p (~/10 cm/m2) and as.% Sum-1-P ( 
NH 4CL NH 4F .st Reduct.ant 2nd HCL Surface-P Occluded-P Apatite-P Sum-1-P NaOH SoL NaOH Sum 1-P 
23 42 3 6 4 79 4 014 0.54 0.24 4.92 
(62 0 5) {114) (5. 1) 
- -
--
Samp I e 
Taxon No. 
























Sheath Green Blades Dead Tips 
0.23 ± 0.03 0.42 ± 0.06 0.16 ± 0.03 
o. 17 ± 0.02 0.20 t 0.04 0.06 t 0.02 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.?1 t0.06 1.18 t 0.12 7. 18 t 0. 78 11.92 t 0.97 2.09 t 0.44 
0.49 t 0.05 1.39 t 0.01 5.33 t 0.64 8.18±1.29 2.08 t 0.47 
------------- - -- - - - - -
0.68 t 0.07 1. 38 t 0.11 9.91 t 0.81 10.08 t 1. 34 1.34 t 0.20 





0.55 t 0.05 
0. 36 t 0. 69 
- ----
0.75 t 0.09 
0.45 t 0.11 
Wt/L 




0.43 t 0.07 
0. 29 t 0.10 
----
0.67 ± 0.08 
0.45 t 0.11 
- - - - -- -·- - -
-----------
- --------------
Dead 77 0.09 t 0.04 0.75 t 0.01 2.72 t 0.38 0.81 ± 0.47 0. 19 t 0.04 0.4? t 0.13 0.88 t 0.09 
tips 
77a 1.92 t 0.84 0.24 t 0.08 0.33 t 0.10 0. 56 t 0.14 
·--- --~ 
lllei ght of E1 ements per Shoot (mg dry 
··------
p s N I< Na Ca 
77 0.47 = .07 0.97 1 0.1 6.26 t 0.98 7 07 t 0.94 1.03 1 0.09 0.53 i 0.12 0.53 i 0.07 
0.05 0. c! 0. 12 3.75ct 0.05 i;,63 -1: 0.91-t 0 '97 -!: 0' 1 0. 25 -1: 0. ()11 .26 t 0 
Site No. 78 S ·i te Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soil (m) Class Element Relief Material Class C 1 ass i fi cation Soil Set Map Ref. Date Collector 
Island Pass 1 370 D 315 15 F 4 Graywacke 3 C 1 i ni ~ Spencer 540 ;. 9/71 K.F.O'C. 
L.a. co 11 uvi urn eldefulvic 171 ~zo6 
and loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.macra (3), Jl:>acophyUwn uniflorwn, Celmisia spectahilis. 
Munse 11 
5 YR 2/3 
Dk.rd.br. 
Texture Consistence Bulk 
Density 




Lf 3 35 
Soil Characteristics 
Whole Soil Fractions 
kg/10 <:m/m2 x 10 % min. soi 1 pH 
>ll~6-2 mm .e: 2 mm~->2 mm q mm 
0.70 0.25 5.99 15 85 3.9 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL 
Sol. NaOH Sum 1-P 
16 7 5 107 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4 -s 
P No.1: P P ppm wt 
0 2 11 5 11 40 21 126 
p 2 (~/10 cm/m ) and as % Sum-1-P ( 
Surface-P Occl uded-P Apatite-P ------Sum-1-P 
4.73 1. 37 0.30 6.40 





























0.27 t 0.05 
Shoot Weight 
Green B 1 a des Dead Tips 
0.36 t 0.14 0.26 t 0.08 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1. 19 t 0. 22 1.28 t 0.17 6.12 t 0.69 12.07 t 1.44 0.16 t 0.01 
-----------
- -- - - - - -
1.36 t 0.22 1. 26 t 0. 15 7.7o t o.8o 10.53 t 1.20 0.14 t 0.01 
0.38 t 0.09 0. 76 t. 0.12 2.46 t. 0.14 1 .04 t 0.19 0.13 t 0.01 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 





0.37 t o. 13 
- ----
0.52 t 0.07 
0.30 t 0.22 
Hg 
0. 39 t. 0.19 
Wt/L 
(g/cm x 10 3) 
1.3 
Ca 
0.61 t 0.14 
----
0.67 t 0.12 
1.11 t 0.24 
Ca 
0.76 t 0.32 
Site No. 79 Site Characteristics 
loca 1 i ty Alt. Preci p. Aspect 0 0 Land Micro Parent Drainage Soi 1 (m) Class Slope Element Rei ief Material Class Classification 
Driving Spur 
Seaward Kaikoura 1 204 . c 45 15 F 4 Greywacke 4 C 1 i ni ~ 
Range L.A. slope eldefulvic 
detritus 
Physiognomic Species and Crown Cover of Tall Tusso~~- ( 
C.flavescens (3), C.pallens (2), Hebe sp. 
Munse I I 
10 YR 5/2 
Gr.br. 
Soil Characteristics 
Whole Soil Fractions 




Density >6 mm 6-2 mm ..:.2 mm >2 mm <2 mm 
0.86 0 0.48 8.08 6 94 
Quick Tests 
pH Ca K Mg 
5.3 9 11 36 
Inorganic Phosphorus Fractions 
Soil Set Map Ref. Date Collector 
Ka i koura 548: 5/72 P.A.W. 
738-016 
Readily Soluble Phosphate SO -s 
Truog Bray Olsen 4 
P No.1. P P ppm wt 
4 14 20 21 170 
P[!m p (~/10 cm/m2) and as.% Sum-1-P ( 
NH 4CL NH4F 1st Reduct.3nt 2nd HCL Surface-P Occluded-P 
Apat i teOO.P-------~um- 1-P 
NaOH Sol. NaOH Sum 1-P 
55 80 52 15 19 222 10.99 5.41 1. 53 17.93 
(61. 3) (30 .2) (8 .6) 
Jussock Shoot Ph.t:sical Pro~erties 
Sample n length Leaf Shoot Wei ht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
C.pallens 79 8 62.1 6.84 0.38 ± 0.10 0.63 ± 0.21 0.08 ± 0.04 1.09 1.7 
C.flavescens 79a 8 103.7 8.02 2.56 ± 0.33 3.59 t 0.69 0.29 ± 0.09 6.44 6.2 
Element Concentrations in Shoot Components {mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 79 1.59 t 0.24 0.92 ± 0.11 6.41 ± 0.57 17.47 t 1.53 0.62 ± 0,36 0.89 ± 0.15 1.12 0.10 
79a 1. 09 t 0.13 0.81 t 0.11 5.08 ± 1.14 18.39 t 1.54 0.07 t 0.01 0.63 ± 0.09 1. 17 ± 0.22 
-
-----------
- -- - - - - -
- ---- ----
- - -- - --
Green 79 1.37 t 0.22 1.0 ± 0.16 8.80 ± 0.51 12.73 ± 1.20 0.30 t 0.21 1. 32 t 0.12 2.03 ± 0.26 
blades 
79a 0.95 ± 0.13 0.96 t 0.11 9.52 t 0.67 11.42±1.42 0.05 t 0.01 0.84 t 0.18 1.89 ± 0.26 
-- - - - - -- -- - - ----------- - --------------
Dead 79 0. 29 t 0. 12 0.59 2.97 t 1.02 2.69 t 0.97 0.15 t 0.05 1. 18 t 0. 29 3.66 t 0.87 
tips 
79a 0.32 t 0.09 0 .. 62 3.32 t 0.36 2.76 t 0.65 0.14 t 0.04 0.69 t 0.27 2.97 t 1 .o 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
79 0.74 t 0.33 0.56 t 0.20b 4.56 t 1.68 7.57 t 3.14 0.14 ± 0.05 0.57 :t 0.25 0.77 :t 0.31 
/9a 6.37 ± 1.42 5. 74 :t 1.26b 48.53 :t 9,87 88.65 t 13.93 0.41 ± 0.62 4.82 :t 1.05 10.91 :t 2.95 
-=~-
Site No. 80 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification So i 1 Set Map Ref. Date 
Split Rock Stream 1 067 c 225 30 Hm 4 Greywacke 3 Eldeclinic Kaikoura S48: 5/72 
Seaward Kaikoura S. a. slope 748-032 
Range detritus 
Physiognomic Species and Crown Cover of Tall Tuss()cks_ ( 
C. flavescens (3), Gaultheria antipoda, Phoriwn cookia:nwn. 
Munse 11 
















Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi 1 pH 
>6 mm 6-2 mm c:: 2 mm >2 mm <2 mm 
5.6 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
57 10 290 417 
Quick Tests Readil~ Soluble Phosehate 
Ca K J;g Truog Bray Olsen 
p No. L P p 
17 6 45 19 4 10 
p (~/1 0 cm/m2) and as .% Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
( 14. 4) (16. 1) (69. 5) 






































Green B I a des Dead Tips 
2.87 4.99 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
0.66 5.0 21.8 0.06 
-----------
- -- - -
- - ·-
0.92 0,86 8.33 11.6 0.04 
0.37 5.0 
Wefght of Elements per Shoot (mg dry wt) 
p s N K Na 
























10 YR 4/2 
Dk.gr.br. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi 1 Soil Set Map Ref. Date Collector {m) Class Element Rei ief Material Class Classification 
c 180 20 T 5 Greywacke 3 Eldecl i nic Ka i koura S49': 5/72 P.A.W. ~.~~0 colluvium 890~014 
Physiognomi_c~ Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions _ 
Texture Consistence Bulk. kg/10 cm/m2 x 10 %min. soil pH 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate SO -s 
Truog Bray Olsen 4 
Density >6 mm 6-2 mm < 2 mm >2 mm <2 mm P No.1: P P ppm wt 
st.si.l. fm. 0.96 1.29 3.32 4.91 48 52 4.7 3 8 20 4 16 36 11 54.0 
Inorganic Phosphorus Fractions 
ppm p (~/10 cm/m2) and as.% Sum-1-P ( 
NH 4CL NH 4F 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P Sum-1-P NaOH Sol. NaOH Sum 1-P 
0 63 68 86 12 40 269 6.4 4.81 2.0 13.21 



































Green Blades Dead Tips 
3.47 0.34 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K 
0.76 4.33 19.5 
1.02 8.17 11.60 
0.70 2.33 2.63 




































10 YR 4/1 
Dk.gr. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
1 600 c 0 5 Cr 3 Greywacke 4 Voli~ Kaikoura S49; 5/72 
L.a. colluvium eldefulvic 904-026 
Physiognomic Species and Crown Cover of Tall Tussocks ( 












Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm--o=zmm ..o:Tmm-- >2 mm <1: mm 
0 2.80 6.68 30 70 5.0 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1. P P 
3 9 15 11 51 66 
P (g/10 cm/m2) and as % Sum-1-P ( 







































Green Blades Dead Tips 
0.87 0.18 
Element ConcE!ntrati ons in Shoot Components (mg/ g dry wt) 
s N K Na 
0.9i' 7.83 17.60 0.59 
------------ - -- - - - - -
1. 57 1. OE: 9.67 12.30 0.26 
0.55 0.70 2.33 2.63 0.14 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 








1. 50 1 .56 
1.11 2.88 
Mg Ca 
1. 28 2.06 
Site No. 83 
Loca 1 i ty 






0 Slope 0 



















Soi 1 Set Map Ref. Date 
Patriach 527; 4/72 
360~745 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rubra (2), Leptospermum scoparium. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk. kg/10 cm/m2 x 10 %min. soil pH 
10 YR 3/2 
V.dk.br. h. s i. 1. 
NH4CL 
0 
w. 5. s. 
NH 4F 
11 
Density >6 nwn 6-2 mm ""2 nwn >2 11111 <2 11111 
0.57 0 0.04 5.17 99 6.0 
Inorganic Phosphorus Fractions 
P2m 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
34 17 8 4 73 
Quick Tests 
Ca K Mg 
2 170 





No.I. P P 
3 6 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
2.32 1. 29 0. 21 
























Iussock Shoot Ph~sical Pro~erties 
n Length leaf Shoot Wei ht Wt/L 
(em) l~o. · Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
8 80.1 5.0 0.32 t 0.07 0.69 t 0.05 0.20 t 0.05 1. 21 1.5 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Mg Ca 
0.50 t 0.09 0.59 t 0.05 5.83 t 1.30 5.91 t 1.02 0.48 t 0.16 0. 76 t 0.11 0.27 t 0.04 
0.49 t 0.08 0.72 t 0.08 7.08 t 0.82 4.85 t 0.74 0.31 t 0.10 1 .61 t 0.41 0.56 t 0.09 
0.09 t 0.01 0.52 t 0.07 3.26 t 0.36 1.17 t 0. 30 0.17 t 0.04 . 1.49 t 0.34 1. 34 t 0. 19 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
0.51 t 0.12 0.80 t 0.11 7.34 t 0.84 5.49 t 1.24 0.39 t 0.10 1.61, t 0.34 0.74 t 0.13 
Site No. 84 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sci l (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Black Birch Range 1 403 c 45 5 Cr 4 Loess and 4 Vo 1 i- Ka i koura 528: 4/72 
L.a. greywacke eldefulvic 091-706 
Physiognomic Species and Crown Cover of Ta 11 Tusso_cks ( 
C.pallens (2), Gaultheria depressa, Cyathodes frazeri. 
Munse 11 
10 YR 5/2 
Gr. br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk. kg/10 cm/m2 x 10 %min. soil 
Density >6 mm b=i mm <= 2 mm >2 mm <2 mm 
5. 1. v.fr. 0.96 0 0.11 9.32 99 
pH 
4.7 

















Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.I. P P 
4 11 4 10 
P (g/10 cm/m2) and as l Sum-1-P ( 








































0.20 t 0.19 
Shoot Weight 
Green Blades Dead Tips 
0.35 t 0.15 0.11 t 0.02 
iofal 
0.66 




0.38 t 0.18 
p 
0.41 t 0.11 
s N K 
0.97 t 0.09 6.62 t 0.42 17.01 t 1.14 
0.85 t 0.07 8.20 t 0.50 10.74 t 0.63 
0. 56 2.93 t 0.40 2.28 t 0.56 
Weight of Elements per Shoot (mg dry wt) 
,. 
,) 
0 . 80 J: 0. 20 b 
N 




0.30 t 0.09 0.79 t 0.09 
0.18 t 0.06 0.95 t 0.14 
0.17 t 0.03 . 0.71 t 0.17 
Na Mg 
1 .0 t 0.39 0.73 t 0.23 
Wt/L 
(g/cm x 10 3} 
1.5 
Ca 
0.82 t 0.12 
1.11 t 0.14 
1.85 t 0.88 
Ca 
0. 59 t 0.18 
• 
• 
Site No. 85 Site Characteristics 
Loca ll ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Materia 1 Class Classification So i 1 Set Map Ref. Date 
Mt. Stokes 1 204 E 135 15 Hu 4 Loess and 2 C 1 in i- s48: 5/72 
S .a. greywacke eldepodic Kaikoura 748-032 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.sp. (2) , Olearia colensoi, Coprosma dumosa. 
Munse II 
10 YR 4/2 
Dk.gr.br. 
Texture Consistence Bulk 
Density 
si. l.w . 
st. fm. 0.75 
P2m 
NH4CL NH 4F 
1st 
NaOH 
0 22 58 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6_mln ____ 6~-rliiiil -"Tmm-- >2 mm <2 mm 
0. 31 0.14 6.96 6 94 4.4 
Inorganic Phosphorus Fractions 
Reduct<mt 2nd HCL Sol. NaOH Sum 1-P 
9 17 2 108 
Quick Tests 
Ca K Mg 
0 1 6 





No.I: P P 
8 36 
p 2 (li)/ 10 cm/m ) and as ·% Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
5-57 1.81 0.14 
(74.0) (24. 1) (1 .9) 

































0.23 t 0.05 
Shoot Weight 
Green B I ades Dead Tl ps 
0.50 t 0.12 0.09 t 0.02 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0, 79 t 0.10 1 .17 :t 0,21 7.43 t 0.95 12.34 t 1.44 0.99 t 0.33 
----------------------
0.81 t 0.05 1.09 t 0.17 10.68 t 0.24 8,33 t 1.16 1 '05 t 0.41 
0.26 t 0.07 0.85 4.90 t 0.68 1. 59 t 0. 84 0.59 t 0.19 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.48 t 0.11 
0.94±0.11 
0.67 t 0.15 
Mg 
0.65 f: 0.18 
Wt/L 
(g/cm x 10 3) 
1.8 
Ca 
0.45 t 0.15 
1.22 t 0.35 
I .83 t 0.23 
Ca 
0.93 t 0.35 
Site No. 86 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Mt. Stokes 1 204 E 135 15 Hu 4 Loess and 3 C 1 i ni ~ Ka i koura !il6: 5/72 
S.a. greywacke eldepodic 391-497 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall T~ssocks ( 
C. sp. (2), Olea:Pia aolensoi. 
Munse 11 
10 YR 4/1 
Dk.gr. 
Texture Consistence Bulk 
Density 
st. 1. fr. 0.72 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm 6-2 mm ..,.z mm >2 mm <2 mm 
2.0 0,49 4.66 35 65 4.3 
Inorganic Phosphorus Fractions 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No. J: P P 
2 6 2 8 17 
P m P (g/1 0 cm/m2 ) and as .% Sum-1-P ( 
NH4CL NH4F 
0 36 
·rst Reduct.ant 2nd HCL S I-P Surface-P Occluded-P Apatite;,;-P 
NaOH So 1 • NaOH urn 





























Jussock Shoot Ph.~::sical Pro[!erties 
n Length Leaf Shoot Wei ht 
(em) No. Sheath Green Blades 
8 57.2 :;. 77 0.19 t 0.05 0.43 t 0.08 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K 
0.59 t 0.06 1 .21 ± 0.21 6.62 ± 0.64 9.94 ± 2.07 
0.62 ± 0.08 1 .03 i: 0.11 8.45 ± 0.63 8.09 ± 0.94 
0.15! 0.02 0.78 i: 0.11 3.54 ± 0.54 1.06 i: 0.39 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
0.41 ± 0.11 0.80 t 0,20 5.48 ± 1.32 s.~< t 1.35 
Wt/L 
Dead Tips Total (g/cm x 10 3) 
0.16 t 0.05 0.78 1.4 
Na Hg Ca 
1.55 t 0,50 0.83 ± 0.15 0. 34 ± 0.12 
1. 36 ± 0.41 1 .04 ± 0.19 0.67 ± 0.21 
0. 71 ± 0.24 . 0. 77 ± 0.23 1. 51i: 0.36 
Na Hg Ca 
1.01 ± 0.39 0.74 i: 0.23 0. 59 i: 0. 18 
Site No. 87 
locality AI t. (m) 
Otto Creek 1 220 
Victoria Range L.a. 
Precip. 
Class Aspect 
0 Slope 0 





















Map Ref. Date 
S46: 4/72 
468"029 
Physiognomic Species and Crown Cover of Tall Tusso_ck_s ( 
C.pallens (1); C,rubra (1). 
Soil Characteristics 
Whole Soil Fractions 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm ""'-2 mm >2 mm <2 mm 
5 YR 2/3 h. s . 1. w.s.s. 0.43 0 0.07 4.19 2 98 4.5 Dk.rd.br. 
Inorganic Phosphorus Fractions 
P[!m 
NH4CL NH4F tst Reductant 2nd HCL NaOH Sol .. NaOH Sum 1-P 
54 101 24 7 17 204 
Quick Tests 
Ca K Mg 
1 3 8 





No.I: P P 
20 50 
p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
6.53 1. 30 0.71 
(76.5) (15.2) (8. 3) 



























Tussock Shoot Physical Pro~erties 
n Length Leaf Shoot Wei ht 
(em) No. Sheath Green Blades 
8 89.0 6.37 0.76 i 0.12 1.55 i 0.21 
8 101 .6 7.7 1.63 i 0.43 3.08 t 0 .?8 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
0.58 i 0.03 0.80 i 0.09 4.75 i 0.21 10.26 i 1.55 
0.67 ±· 0.12 0.98 i 0.20 4.72 i 0.49 8.64 i 1.78 
------·----- -
0.81 i 0.07 
0.70 i 0.07 
-- -
-
0.24 i 0.07 
0.33 
p 
1. 75 t 0.28 
3. 35 t 1 . 19b 
1.13 i 0.09 9. 10 i 0. 60 9. 17 i 1. 54 
1. 04 t 0. 16 7.36 i 0.71 7.50 i 1.36 
-----------
-
0.79 i 0.01 4.13 t 0.72 2.20 t 0.97 
0.78 5.17 2.63 
Weight of Elements per Shoot (mg dry wt) 
s N 
2.48 t 0.39 18.39 t 2.94 
4.94 t 1 .56b 31.23 t 9.25b 
K 
22.64 t 6.07 
39.93 t 17.85b 
Dead Tips Total 
Wt/L l 
(g/cm x 10 ) 
0.16 i 0.04 2.47 2.8 
0.22 i 0.08 4.93 4.8 
Na Mg Ca 
3.21 t 0.49 1.08 i 0.11 0.82 t 0.12 
1.95 i 0,83 0.36 t 0.11 0.57 t 0.12 
2.73 i 0.26 1. 58 i 0. 17 1. 96 i 0.14 
1.84 i 0.92 0.94 t o. 13 1.01 t 0.23 
------------
0.73 i 0.18 1. 31 t 0. 30 
0.88 1.03 
Na Mg 
6.25 t 1.27 3.53 t 0.74 
8.49 t z.92b 4.28 t o.86b 
4.20 t 0.51 
1.88 
Ca 
4.37 t 0.80 
4.33 t 1.31b 
, 
Site No. 88 
Locality Alt. (m) 
Mt Puttick 1 300 


















Drainage Soi 1 
Class Classification 
Madenti~ 
cl i ni podi c 
Physiognomic Species and Crown Cover of Ta 11 Tuss!l_f_~_ ( 
C.crassiuscula (3), Astelia linearis var. linearis, 
Munse 11 
5 YR 2/2 
Dk.rd.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10· % mln. soil -pH 
Dens i ty >6 mm 6-2 mm .: 2 mm >2 mm <2 mm 
h. 1. w.s.s. o. 13 0 0.11 1,0 10 90 4,4 




Soi 1 Set Map Ref. Date Collector 
Hohonu 546; 4/72 P.A.W. 
468-041 
Readily Soluble Phosphate 
so -s Truog Bray Olsen 4 
P No.1: P P ppm wt 
4 19 44 66 7 
'~---- ppm P (g/10 cm/m2) and as % ~um-1-P ( 











HCL Sum 1-P 
10 212 









































Green Blades Dead Tips 
0.28 0.04 
Element Concentrations in Shoot Components {mg/g dry wt) 
s N K Na 
1. 75 5.67 12.6 1.48 
- ·- -- - -- - - - -- - -- -- - - - -







0.13 1.93 3-5 2.0 0.39 0.54 
Weight of Elements per Shoot {mg dry wt) 
p s N K Na Hg 
0.24 0.?4 3.37 3.69 0.44 0.35 
Wt/L 








Site No. 89 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi I Set Map Ref. Date 
-
Otto Creek 1 342 E 135 20 Hu 5 Granite 3 E 1 dec I in i c Hohonu S46; 4/72 
Victoria Range L.a. and 464-042 
granidiorite 
colluvium 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens (3), C.australis, Hebe odora. 
Munsell 
5 YR 3/3 
Dk. rd.br. 
Texture Consistence Bulk 
Density 
f. s. 1. v. fr. 






Whole Soi~ Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm--6-2 mm <.Tiilil >2 mm ----.:2: mm 
0 0.25 4.48 6 94 4.1 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I. P P 
0 3 9 4 20 36 
P (g/10 cm/m2) and as % Sum-1-P ( 


























Tussock Shoot Ph~sical Proeerties 
n Length Leaf Shoot Wei ht Wt/L 
(em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3) 
B 69.5 5.33 0.40 0.73 0.20 1.33 1.91 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg Ca 
0.60 0.90 4.67 8.75 1.09 1. 31 0.60 
-----------
- -- - - - - -
- -- -- ----
0.67 LO 8.33 8.25 2.26 1. 50 1.06 
0.17 0.64 3.67 2.25 0.55 0.90 1. 38 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
0.76 2.69 8.68 9.52 2.20 1. 80 1.30 
Site No. 90 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soil (m) Class Element Rei ief Material Class Classification Soi I Set Map Ref. Date Collector 
Mt Puttick 1 342 E 315 15 Hu 1 Granite 4 Clini-eldepodic Hohonu 546: 4/72 P.A.W. 
Victoria Range L.a. slope 464-024 
detritus 
Physiognomic Species and Crown Cover of Tall Tusso~ks { 
C.flavescens (2), Phormium cookianum, Iracophyllum uniflorum. 
Hunse II 
5 YR 2/4 
Ok.rd.br. 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/Ill cm/m2 x 10 %min. soil PH 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm 
h. 1. 
'~----------- -- ppm 









Inorganic Phosphorus Fractions 
2nd HCL Sum 1-P NaOH 
16 3 215 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 50 _5 
Truog Bray Olsen 4 
P No. L P P ppm wt 
2 3 .. 3 9 
p (9/lO cm/m2) and as % £um-I-P ( 
Surface-P Occluded-P Apatite-P Sum-1-P 
























sneatn Green Blades Dead Tips 
2.45 ± 0,54 5.15 ± 1.17 0.39 ± 0.11 
Element Ccmcentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.43 ± 0,03 0.83 ± 0.07 3. 77 ± 0.25 9.18 ± 1.42 1.25 ± 0.23 
------------ - -- - - - - -




0.32 ± 0.06 
- ----





0.18 ± 0.07 
p 
4.51 ± 1.16 
0,94 ± 0.15 4.39 ± 0.76 1.57 ± 0.67 0.22 ± 0.08 . 0.63 ± 0.26 
Weight of Elements per Shoot (mg dry wt) 
s N K Na Hg 
9.35 ± 1.88 56 . 1 5 :t I 2. 89 74.63 ± 18.48 8.28 ± 4.01 5.53 ± 0.93 
Wt/L 
(g/cm x 10 l) 
7.5 
Ca 
0.32 ± 0.06 
----
0.82 ± 0.·15 
1.09 ± 0.39 
Ca 
5.50 t 1.57 








0 Slope 0 



















Soi 1 Set Map Ref. Date 
Denniston S24: 5/72 
273~755 
Physiognomic Species and Crown Cover of Tall Tuss_9cks ( 
C.junaea (2), Leptospe~um saoparium. 







Whole Soil Fractions 
kg/110 cm/m2 x 10 % min. soi 1 pH 
>~min- 6-2 11111 ...,~11111---->2~<2 mm 




NaOH HCl Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No. J: P P 
P (g/10 cm/m2) and as % Sum-1-P ( 






































Green Blades- Dead Tips 
0.20 0.05 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1,88 6.0 15.40 0,63 
______ .. _____ 
- -- - -- - -
0.43 1.53 6.42 6.25 0.28 
0.10 0.96 3.17 1.63 0.40 
We1ght of Elements per Shoot (mg dry wt) 
p s N K Na 












Site No. 92 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soi 1 Set Map Ref. Date 
Peel Range 1 403 E 135 37 H .. Colluvium . . Elde•prospodic Bryneira S13; 2/70 
L.a. of 015-462 
igneous 
conglomerate 
Physiognomic Species and Crown Cover of Tall Tuss()_cks ( 
C.flavescens, C.pallens. 
Munsell 
5 YR 2/3 
Dk. rd.br. 




NH4CL NH4F 1st NaOH 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>bmm 6-2 mm <2 mm >2 mm <2 mm 




NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 





No.1. P P 
11 
P (g/10 cm/m2) and as % s·um-1-P ( 
Surface-P -(feCI uded:::p Apat i te-P 































2.20 t 0.60 
Shoot Weight 
Green Blades Dead Tips 
2.63 t 0,64 0.38 t 0.14 
Tota-l 
5.21 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg 
1.23:!:. 0.10 9.84 t 0.82 14.75 t 1,21 0.41 t 0.15 0.52 t 0.06 
0,55 t 0.06 5-99 t 0.75 9.92 t 0.87 0.16 t 0.08 1.10±0.18 
0.28 t 0.08 3. 76 t 1. 17 4.74±1.77 0. 06 t 0. 02 . 1. 12 t 0. 22 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Hg 
4.21 t 1.10 38.68 t 9.89 59. 7P. t 13.43 1. 54 t 1. 06 4.57 t 1 .29 
Wt/L 
{g/cm x 10 3) 
6.4 
Ca 
0.49 t 0.06 
1.42 t 0.31 
3.11 t 0.48 
Ca 
6.06 t 1.85 
Site Nco 93 Site Characteristics 
Locality Alto Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Refo Date Collector 
Peel Range 1 403 E 0 5 Igneous Bryneira 513: 2/70 5 .M. 
L.a. conglomerate 017~449 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens, Hebe spp., Celmisia spp. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
10 YR 5/4 























Ca K Hg 
Readily Soluble Phosphate 50 -S 
Truog Bray Olsen 4 
P No.I. P P ppm wt 
0 2 5 2 9 5 
P (g/10 cm/m2 ) and as % Sum-1-P ( 
Surface-P OcCluded-P Apatite-P Sum:..Fp 

















~russock Shoot Phls i ca 1 Pro~erti es 
n length l.eaf Shoot Wei ht 
(em) No. Sheath Green Blades 
12 41.0 4. 10 0.11 ± 0.02 0.24 ± 0.03 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K 
0.84 ± 0.14 10.74 ± 1.86 9.88 ± 1.91 
0.28 ± 0.06 3.62 ± 0.68 8.03 ±1.01 
0.25 2.90 
Weight of Elements per Shoot (mg dry wt) 
p s N K 
0.18 ± o.o4b 2.23 ± 0.35 3. 17c± 0. 40 
Wt/L 
Dead Tips Total (g/cmx 10 3) 
0.06 ± 0.01 0.41 1.0 
Na Hg Ca 
2,31 ± 0.51 o. 77 ±0. 17 0.28± 0.17 
1.53 ± 0.32 0.89 ± 0.12 0.87 ± 0.12 
Na Hg Ca 
0.67c± 0.14 0.30c± 0.05 0.26c± 0.03 
Site No. 94 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class E'lement Rei ief Material Class Classification Soi I Set Map Ref. Date 
Lake Sylvester 1 326 E 270 9 Igneous Brynei ra S13; 2/70 
L.a. conglomerate 043~507 
Physiognomic Species and Crown Cover of Tall TMssocks ( 
C.pallens, Hebe spp. 
Munse I I 
10 YR 4/3 
Br. 










Whole Soit Fractions 
kg/10 cm/m2 x 10· %min. soil pH 
>6 nrn 6"'2 11111 <: 2 11111 >2 11111 <2 11111 
4.5 







HCL Sum 1-P 
4 109 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.I: P · P 
0 2 8 3 10 
P (g/10 cm/m2) and as % Swm-1-P ( 
Surl'ace-P OcCT uded-P-----A-pat i te;:p 

































0,18 ± 0.03 
Shoot Weight 
Green Blades Dead Tips 
0.36 ± 0.07 0.07 ± 0.01 
Total 
0.61 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na Hg 
1.32 ± 0.22 11. 36 :i 0. 24 15.10 ± 2.03 I. 76 ± 0, 31 0.95 :i 0.10 
0.64 ± 0.12 3. 17 ± 0. 44 9.94 ± 1.25 1.36 ± 0.20 1. II ± 0.11 
0.25 ± 0.04 2.99 ± 0.04 4.95 0.34 1.09 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
0.48 ± 0.09 3.39 ± 0.74 6.62 ± 1.30b 0.82 ± 0. 18b 0.64 ± o. 12b 
Wt/L 
(g/cm x 10 3) 
1.2 
Ca 
0.54 ± 0.07 
0.95 ± 0.14 
1.26 
Ca 
0.53 ± 0.10b 
Site No. 95 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi 1 Soi 1 Set Map Ref. Date Col lector (m) Class Element Rei ief Material Class Classification 
Salisbury 1 128 E 180 9 Limestone Clinipodic Haupiri 513: 2/70 S.M. 
Rock Shelter S.a. 064~420 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rubra, Cassinia fulvida, Hebe spp. 
Munsell 
7.5 YR 5/2 
Br. 




NH4CL NH4F fst NaOH 
Soil Characteristics 
Whole Soil Fractions 
kg/Hl cm/m2 x 10 %min. soil pH 
>~ 6-2 111111 <:Tmm >2 111111 <2 mm 
4.7 




NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate SO -S 
Truog Bray Olsen 4 
P No. 1 : P P ppm wt 
0 7 5 3 
P (g/10 cm/m2} and as % S~m-1-P ( 



























1. 21 ± 0. 23 
Shoot Weight 
Green B 1 ades Dead Tips 
2.18 ± 0.42 0.18 ± 0.06 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1.08 ± 0.18 6. 98 ± 1. 72 10.32 ± 2.69 1. 84 ± 0.62 
-----------------------




0.40 ± 0.04 
0.81 ± 0.09 
0.21 ± 0.03 3.37 ± 0.63 1.58 ± 0.71 0.74 ± 0.31 . 0.95 ± 0.32 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg 
2. 36 i 0. 51 18.93 ± 4.5 26.80 ± 8.4 5. 78 ± 1.48 2.43 ± 0.60 
Wt/L 
(g/cm x 10 3) 
3.5 
Ca 
0.58 ± 0.03 
1.14 ± 0.12 
2.62 ± 0.63 
Ca 
3.82 ± 0.98 





10 YR 7/2 
Lt ,gr. 
Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date 
1 143 E 135 8 Limestone E C 1 in i pod i c Haupiri 51); 2/70 
S .a. 057-416 
Physiognomic Species and Crown Cover of Tall Tussocks ( 




1st NH4CL NH 4F NaOH 
0 15 32 
Soil Characteristics 
Whole Soil Fractions 
kg/Hl cm/m2 x 10 % min. soi 1 pH 
>6_mm __ -o-z rrrn <:Tiiiil ->Tnin------.:z 11111 
4.3 
Inorganic Phosphorus Fractions 
Reductant 2nd 
Sol. NaOH HCL Sum 1-P 
26 16 3 92 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1. P P 
0 7 2 6 
p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P ---

















Tussock Shoot Phlsical Pro~erties 
Length leaf Shoot Wei ht 
(em) No. Sheath Green Blades Dead Tips Total 
102.5 5.4 1.04 ± 0.31 2.13 ± 0.43 0.16 ± 0.03 3.33 
Element Concentrations in Shoot Components (mg/g dry wt) 











1.31 ± 0.17 
0.41 ± 0.12 
0.17 ± 0.05 
p 
2.25 ± 0.57 
10.65 ± 1.49 18.65 ± 1.45 0,65 ± 0.11 0.35 ± 0.06 
4.05 ± 0.54 11 0 35 ± 1. 63 0.37 ± 0.11 0.33 ± 0.07 
3 013 ± 0.40 4. 29 ,, 3 0 25 0.19 ± 0.13 . 0.33 ± 0.25 
Weight of Elements per Shoot (mg dry wt) 
s N K Na Mg 
19.72 t 3.53 60 0 22 ± 39.2 2 0 15 ± 1. 54 1 0 26 t 0 0 56 
Wt/L 
(g/cm x 103) 
3.2 
Ca 
0.79 ± 0.11 
0.96 ± 0. 13 
1.63±0.05 
Ca 
3.25 ± 0.52 






7.5 YR 4/4 
Dk. br. 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol l (m) Class Element Relief Material Class Classification Soil Set Map Ref. Date Co 11 ector 
1 Jlt3 E 315 12 H limestone E Clinipodic Haupiri 513: 2/70 S.M. 
S.a. 044-405 
Physiognomic Species and Crown Cover of Tall TussQ_c_li ( 




NH4CL NH4F 1st NaOH 
0 8 40 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi I pH 
>6 -ril'n----o-2 miii-<·Tiiiin- >2 mm <2 mm 
4.6 
Inorganic Phosphorus Fractions 
Reduct.mt 2nd HCL Sol. NaOH Sum 1-P 
35 11 2 96 
Quick Tests 
Ca K Hg 
0 1 5 










p (s/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apat i te::P ___ Sum-1-P 






Tussock Sho9t Phys icc ·1 Praprrt~2_ 
L;~af 
;~o- Shee ti1 
Sh~-Jot Wei qht 
-;;r~e~n 5 i ad~~ .... --""--'-,D:-e-a-,:-l :;;p-;-·--· .. -· Total 
Wt/L 














:). 6 1-10 .!. ::_,. 1 .90 i 0.34 0.16 i 0.21 3.16 3.4 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na Hg Ca 
1 .28 :': 0. 14 7.94 t 0.95 15.27 t 1.60 1. 10 = 0.117 0.33 i 0.03 0.55 t 0.03 
- -- - -- - -- - - - -- - -- -- - - -
0.57 t 0.13 3.77 i 0.73 8.8} :'. C•. ;:o ~~. ~i6 ,: 0. 0S • 1 " D. 06 
0 ~5 t O.iL: 4.83 :': 0. 77 S.38 -!_ ;.? 0 0.25 ! 'J.10 0.54 i o. 1l 1.51 i 0.19 
·~"·'" _____ , -~----~-----.---
We1ght of Elements per Shoot (mg dry wt) 
p s N K Na Hg Ca 
2, F:~ (' /I 17' 16 lt 28 3~1 . 8g ~ 1 1 n '2 2(. ' 0 59 i lt5 0.36 2.49 i 0.54 
:-); N:2. 38 
.,. _____________________________________ _ 





F :-ec I p. 
c: ass 
E 





Micro Parent Drainage Soil 




pod i clinic 
Physiognomic Species and Crown Cover of Ta 11 Tussocks ( 
C.rubra;, C.flavescens, Hebe spp._, :'ass1:rria fulvi.da. 
Soil Characteristics 
Whole Soil Fractions 
Munse II Texture Consistence Bulk 
Density 
kg/10 c:m/m2 x 10 % min. soi 1 pH 
5 YR 2/4 
Dk.rd.br. h. l. 
>6 mm 6-2 mm .::2 mm >2 mm <2 mm 
5.2 
Inorganic Phosphorus Fractions 
Quick Tests 
Ca K 1'\g 








Readil~ Soluble PhosEhate 
Truog Bray Olsen 
p No.1. P p 
4 8 
pem p (~/10 cm/m2) and as % Suro-1-P ( 
NH 4CL NHl 
!st Reductant 2nd Surface-P Occluded-P Apatite-P 
NaOH Sol. NaOH HCL Sum 1-P 
-
74 63 58 16 3 215 
(64. 2) (34 .4) (1 .4) 










- - -- -
Green 
blades 
































Sheath Green Blades Dead Tips 
0.95 ± 0.19 1. 70 ± 0.30 0.19 ± 0,07 
2.40 t 0.41 3.61 t 0.72 0.55 ± 0.16 
Element Concentrations in Shoot Components (mg/g dry wt) 
p ,. 
,) N K Na 
1. 08 ± 0. 12 14.88 ± 1. 22 11.03 ± 2.68 2.26 ± 0.61 
1. 36 ± 0.18 11.27 ± 1.91 14.32 ± 1.65 1.61 ± 0.62 
-----------
- - - - - - - -
0.26 ± 0.05 5.09 ± 0.53 4. 91 ± 1. 28 1.69 ± 0.43 





0.39 ± 0.06 
0.61 ± 0.07 
·~ -- --
0.67 ± 0.14 
0.79 ± 0.08 
Wt/L l 




0.65 ± 0.17 
0.58 ± 0.20 
- ---
0.91 ± 0.19 





0.16 ! 0.04 
0.20 ± 0.05 
p 
1.52 ± 0.30 
5.60 ± 0.11 
5.07 ± 0.77 2.33 ± 0.78 
2.48 ± 0.38 7.62 ± 3.60 
Weight of Elements per Shoot (mg dry wt) 
~. N 
23.77 ± 4.39 
43.36 ± 8.52 
K 
19.39 ± 8.0 
72.29 t 12.46 
0.96 ± 0.34 
0.26 ± 0.15 
Na 
6.06 ± 2.03 
6.99 ± 3.23 
0.99 ± 0.29 
0.85 ± 0.47 
Mg 
1.85 ± 0.61 
5.94 ± 1.08 
2.35 ± 1.03 
2.85 ± 0.47 
Ca 
3.02 ± 0.91 
6.19 ± 1 . 52 
~..:;:t 
Site No. 99 






























Classification Soi 1 Set 
Luvi~platic Tasman 
Map Ref. Date 
s 13: 2/70 
038-504 
Physiognomic :S_Qecies and Crown Cover of Tall Tusso~ks ( 










Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 lllll----o---2-~.:-z-mm >2 mm <2 11111 
4.9 







HCL Sum 1-P 
6 143 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1: P P 
4 2 26 5 
P (g/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded~P Apatite-P 

































0. 70 t 0. 16 
Shoot Weight 
Green B I a des Dead Tips 
1.53 t 0.30 0. 16 t 0. 06 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K Na 
1.32 t 0.21 12.03 t 2.41 16.28 t 1.67 0.64 t 0.11 
0.37 t 0,04 5.07 t 0.99 8.20 t 0.89 0.39 t0.08 
0.20 t 0.05 4.39 t 1.51 2. 36 t 1 . 95 0.24 t 0.51 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.51 t 0.05 
0.58 t 0.06 




(g/cm x 10 3) 
2.6 
Ca 
0.59 t 0.07 
0.72 t 0.06 
1. 46 t 0. 17 
Ca 
2.04 


























Physiognomic Species and Crown Cover of Tall Tu~ocks ( 




Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>~D-Tiiiiil<Tiiiii! >2 11111 <2 11111 
4.1 
Inorganic Phosphorus Fractions 
Quick Tests 
Ca K Hg 
0 5 14 
Soi 1 Set Map Ref. Date 
Tasman S13: 2/70 
064-416 
Readily Soluble Phosphate 
Truog Bray Olsen 
P No.1: P P 
2 7 






NH 4Cl NH 4F 
1st Reductant 2nd HCl Sum 1-P Surface-P Occluded-P Apat i te:..--p-- -S-um-1-P NaOH Sol. NaOH 
0 36 54 8 23 3 124 



























0.68 t o. 13 
Shoot Weight 
Green Blades Dead Tips 
1.65 t 0.25 0. 14 t 0. 06 
Element Concentrations in Shoot Components (mg/g dry wt) 
p ,. .. N K Na 
1.45 t 0.26 11.08 t 1. 70 13.76 t 3.01 1 .62 t 0. 57 
0. 44 t 0. 12 4.29 t 0.79 7.53 t 0.81 0.83 t 0.27 
0.29 t 0.11 3.79 t 0.78 3.33 t 1.61 0.57 t 0.22 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.49 t 0.08 
0.53 t 0.07 
0. 80 t 0.13 
Hg 
1 . 31 ± 0. 28 
Wt/L 
(g/cm x 10 3) 
2.7 
Ca 
0.57 t 0.06 
0.66± 0.06 
1.68 t 0.24 
Ca 
1.74±0.32 









0 Slope 0 

















Soil Set Map Ref. Date 
Bryneira S13: 2/70 
034-410 
Physiognomic Species and Crown Cover of Tall Tusso<:_k_!;_ ( 
C.rubra, C.austraZia, Notodanthonia setifoZia. 
Munse 11 
7.5 YR 6/2 
Pk.gr. 




NH4CL NH4F 1st NaOH 
44 90 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm-6-2 mm <.z mm >2 mm <2 mm 
4.2 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
35 8 8 186 
Quick Tests 
Ca K Hg 
0 3 7 





No.I: P P 
3 
P (s/10 cm/m2) and as % S~m-1-P ( 
Surface-P Occluded-P Apat i te;_P 

































0.65 ± o. 14 
Shoot Weight 
Green Blades Dead Tips 
1.35 ± 0.21 o. 13 ± 0.04 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
l. 52 ± 0.17 9-39 ± 1.40 17.88 ± 2.56 0.88 ± 0.22 
0.46 ± 0.06 5.32 ± 0.60 8.47 ± 2.12 0.54 ± 0.10 
0.17 ± 0.03 3.14 ± 0.36 3.16±1.05 0.31 ± 0.09 
We·fght of Elements per Shoot (mg dry wt) 
p s N K Na 




0.31 ± 0.06 
0.31 ± 0.05 
0.32 t 0.08 
Hg 
0.]1 f 0.18 
lolt/L 
(g/cm x 10 3) 
2.5 
Ca 
0.65 ! 0.06 
0.85 t 0.09 
1.52±0.18 
Ca 
1 .82 0.44 
Site No. 102 

















Class Classification Soil Set Map Ref. Date 
1 143 
s.a. 
E 45 2 Limestone 
beneath 
peat 
luvhplatic Tasman s 13: 
057·416 
2/70 
Physiognomic Species and Crown Cover of Tall Tussocks ( 




NH4CL NH 4F 
1st 
NaOH 
0 16 38 
Soil Characteristics 
Whole Soil Fractions 
kg/Ill cm/m2 x 10 % min. soi 1 pH 
>6 mm -6..;-;r mm < 2: iirn ---,;z-riJn--<~ mm 
4.5 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
35 12 3 1n4 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.1. P P 
8 15 3 6 
p (s/10 cm/m2) and as % Sum·I·P ( 
Surface·P Occluded·P Apatite-P 

































0.61 i 0.18 
Shoot Weight 
Green Blades Dead Tips 
1.27 i 0.24 0 0 26 i 0 0 17 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1.55 i 0,28 12.68 i 2.08 18 0 69 i 2.10 0.67 i 0.15 
0.53 i 0.12 5 '34 i 1 0 15 10 ·"'" i 1 0 21 0.43 i 0.12 
0.20 i 0,04 3 0 11 i 0. 74 6.41 i 2.45 0 0 48 i 0 0 18 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.37 i 0.08 
0.32 i 0.06 
0 0 40 ± 0 015 
Mg 
0.79 ± 0.20 
Wt/L 
(g/cm x 103) 
2.6 
Ca 
0.55 i 0.09 
0.65 i 0.08 
1.72 i 0.61 
Ca 
1.73 i 0,45 


























Class Classification Soi 1 Set Map Ref. Date 
2 Podi~eldeclinic Ruahine N156: 12/70 785~653 
Physiognomic Species and Crown Cover of Tall Tussoc_ks ( 
C.flavescens (2), Olearia colensoi. 
Munse 11 
10 YR 3/3 
Dk. br, 
Texture Consistence Bulk 
Density 
h.s i. 1. w,·s .s. 0,43 
·~- J>pm 




Whole Soil Fractions 
ltg/10 cm/m2 x 10· % mln. soi 1 pH 
>o nwn 6-2 nwn <·2 nwn >2 nwn <2 nwn 
0 0 4.25 0 100 5.5 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Hg Truog Bray Olsen 
P No.1. P P 
0 3 10 2 10 13 
P {g/10 cm!m2) and as % Sum-1-P ( 











b 1 a des 
Dead 
tips 








T_ussock Shoot Dhys i ca 1 Properti e,s_ 
Shooc 'weight :_eaf 
Nc- Sheath Green Blades Dead Tips 
-----------·-
87. 1 6 60 1.47 2.86 0.67 
Element Concentrations in Shoot Components (mg/g dry wt) 
p N K Na 
0.60 1.15 5.67 16.40 0.68 
0.42 1. 13 7.83 3.50 0.60 
0.03 0. 70 3.67 0.33 0.30 
iiei c;ht of Elements per Shoot (mg dry wt) 
r N K Na 

















·-•-•-J-•,~o··-----~·---~ -·~-~- _, --··---~----~~-~·"·---------·-~--·-
-------------------------------------






10 YR 3/3 
Dk. br. 
Site Characteristics 
Ai t. Preci p. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Element Re 1 ief Material Class Classification Soi 1 Set Map Ref. Date 
1 320 F 25 2 T 1 Greywacke 2 Pod i- e 1 dec 1 in i c Ruahine N156: 12/70 
L.a. slope 785·657 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soil pH 
Density~ l;-2 mm <~ mm >~ mm <Z mm 
h. 5 i. 1. w. 5. 5. 0.33 0 0 3.06 0 100 4,1 
Inorganic Phosphorus Fractions 
ppm 
NH CL NH F 1st Reductant 
4 4 NaOH Sol. 




HCL Sum 1-P 
98 
Quick Tests Readil~ Soluble Phos~hate 
Ca K lolg Truog Bray Olsen 
p No.1. P p 
0 3 2 2 10 
P (g/10 cm/m2) and as % Sum-1-P ( 






































1.13 i 0.63 
Shoot Weight 
Green B 1 a des Dead T! ps 
2.40 :1: 0.72 0.47 ± 0.12 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.65 t 0.07 1 . 07 ± 0. 14 5.42 t 0.40 16.36 i 2.'32 0.44 t 0.07 
0.56 t 0.07 1.08 t 0.09 8.19 t 0.67 10.79 i 0.80 0. 4 3 ± 0. 09 
0.03 ± 0.03 0.62 t 0.06 2.87 ± 0.31 0. 90 ± 0. 6 7 0.23 t 0.02 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.21 ± 0.03 
0.53 ± 0.10 
0.19 ± 0.02 
Mg 
1.62 + 0.60 
Wt/L 
(g/cm x 10 ~ 
4.8 
Ca 
0.32 ± 0.07 
0. 80 t 0. 16 
0.39 ± 0.07 
Ca 






Prec i l·'• Aspect 0 Class 
F 25 













C ass ification 
Pocli-
eldeclinic 
So Set Map Ref. 
Ruahine Nl)e>: 
785-657 




Physiognomic Species and Crown Cover of Tall Tussocks 
f'lavescens (2) 
Soil Characteristics 
Whole Soi 1 Fractions 
Munsr \ 1 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soi 1 
pH 
Density ~mm 6-2 mm < 2 mm >2 mm <2 "ffiiil 
----------------------~---
10 YR 3/3 
Dk. br. h. s i . 1 . 
n 
v 





NaOH So I • 
44 13 
0 3.06 0 100 4.3 




HCL Sum 1-P 
118 
Quick Tests 





Ss.l :;_b.l. e~_Phos ph ate 
~ray Olsen so4-s 
No. I ? P ppm wt 
4 17 
2 P (g/10 cm/m ) and~ % Sum-1-P ( 








Tussock Shoot Ph~sical Pro~ertie~ 
Sample n Length Leaf Shoot Weiljht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cmx 10 3; 
C.flavescens 105.1 8 87.8 6.22 1. 29 ± 0. 64 2.47 ± 1.19 0,47 ± 0.19 4.23 4.8 
105.2 8 90.1 6.12 1. 16 ± 0. 20 2.47 ± o. 17 0. 36 ± 0. 17 3-99 4.4 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 105.1 0.69 ± 0.05 1.08 ± G.06 6.61 ± 0.75 18.04 ± 2.07 0.36 ± 0.08 0.30 ± 0.07 0.45 ± 0.07 
105.2 0.67 ± o. 17 0.99 ± 0.09 6. 14 ± 1. 26 16.41 ± 2.71 0.39 ± o. 11 0.33 ± 0.13 0.35 t 0.07 
- - -- - -- - -----------
- -- - - - - - - ---- ----
Green 105. 1 0.50 t 0.04 1.01 t 0.05 7.60 t 0.60 10.52 t 1.23 0.33 t 0.08 0. 56 t 0.14 0.81 t 0.14 
blades 
105.2 0.48 t 0.04 0.90 i 0.06 7.19 t 0.87 9.65 t 0.63 0.28 t 0.06 0.50 t 0.04 0.56 t 0.06 
-- - - - - -- -- - - ---------·-- - --------------
Dead 105. 1 0.03 i 0.02 0.56 t 0.04 3.16 t 0.29 0.59 t 0.29 0.16 t 0.02 0.22 t 0.04 0.46 t 0.10 
tips 
105.2 0.09 t 0.02 0.59 t 0.09 2.66 t 0.49 1.17 t 0.47 0.34 t 0.11 0.32 t 0.06 0.62 t o. 19 
--
lrJeight of Elements per Shoot (mg dry wt) ... 
p s N K Na Hg Ca 
105.1 2.20 t 0.46 3.97 t 1.14 27.35 t 3.75 46.09 t 5.71 1.35 t 0.30 1.92 t 0.26 2.21 t 0.27 
105.2 2. 11 t 0. 96 iJ.25 t 2.18 28.06 t 12.33 47.90 t 19.92 1.42 t 0.79 1.95 t 0.99 3.0 t 1 .67 
Site No. 106 Site Characteristics 
Loca I i ty AI t. Precip. Aspect 0 Slope 0 (m) Class 
Land Micro Parent Drainage Soil . 
EleJ.nent Rei ief Material Class Classification Sot! Set Map Ref. Date Collector 
Den nan, 1 320 F 225 
Tararua Range L.A. 
C.flavescens (2), Olearia colensoi. 
Munsell 
10 YR 3/3 
Dk. br. 
Texture 
h. s i. 1. 
NH 4CL 
Consistence 
w. s. s. 
NH1/ 






Ruah i ne 




Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soi 1 Fractions Quick Tests Readil~ Soluble Phos~hate 
Bulk kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
so4-s 
Density --;;-nun b-2 mm <:Z mm >:Z mm <2 mm p No.1. P p ppm wt 
0.45 a 0 4.45 0 100 5.5 0 2 9 3 12 20 16 71 
Inorganic Phosphorus Fractions 
p~m p (~/10 cm/m2) and as %'Sum-I-P ( 




























Green B 1 a des Dead Tips 
2:84 0.42 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.11 6.0 17.0 0.41 
--------------------------
106 0.52 1.24 8.50 11.3 0.36 
106 0.08 0.70 4.17 1.25 0.19 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




















Site No. 107 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class El ent Relief Material Class Classification Sol 1 Set Map Ref. Date 
·' 
West Peak, 1 390 F 10 6 T 1 Greywacke 2 Podi- Ruahine N156: 12/70 
Tararua Range L.a. slope eldecl inic 788-649 2/72 
detritus 
and loess 
Physiognomic_i!Jecies and Crown Cover of Tall Tussocli ( 
C.flavescens (2), C.pallens (2). 
Munse 11 




Texture Consistence Bulk 
Density 
f .s. 1. fr. 0.60 
ppm 




Soi 1 Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm 6-2 mm <2 mm >2 11111 <2 11111 
0 0 5.90 0 100 6.0 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum I -P 
1 9 4 132 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
p No.1. P P 
0 2 15 4 23 36 
P (s/10 cm/m2) and as %. Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
6.96 0.59 0.24 






























Tussock Shoot Ph_y:sical Pro~erties 
length leaf Shoot Wei51ht 
(em) No. Sheath Green Blades Dead Tips 
8 104.0 6.50 2.27:!:1.11 3-79 ± 1.27 0.49 :!: 0.13 
8 71.6 5.42 0.42 :!: 0,10 0.75:!: 0.13 0.16 t 0.08 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
0.82 :!: 0.08 
0.92 :!: 0.14 




1,24 t 0.13 
1' 13 :!: 0.06 
1. 26 :!: 0.08 
N 
6.39:!: 0.77 
6.85 :!: 0.94 
7.72:!: 0.52 
9.81 t 0.76 
K 
17.28:!: 1.79 
19.63 :!: 2.97 
10.67 t 1.43 
10.27 t 0.74 
Na 
0.28:!: 0.05 
3.25 t 0.59 
0. 32 :!: 0.10 
1.72 t_ 0.33 
0.04 t_ 0.03 0.61 t_ 0.05 3.14 :!: 0.51 0.54 t_ 0.25 0.17 t_ 0.03 
0.19 t 0.03 
p 
4.28 t_ 1.76 
0.98 :!: 0.17 
0.74 t 0.04 3.14 t_ 0.36 1.83 t_ 0.84 
Weight of Elements per Shoot (mg dry wt) 
s 
7.14 t_ 2.67 
1. 58 t_ 0. 29 
N 
45.26 t_ 17.18 
10.80 t_ 2.17 
K 
80.15 t_ 33.17 
16.42 t_ 3.72 
0.53 :!: 0.04 
Na 
1.82 t_ 0.52 





0.24 :!: 0.02 
0.81 :!: 0.12 
0.51 t 0.13 
0. 94 t_ 0.13 
Wt/l 




0.33 t 0.06 
0.63:!: 0.11 
0.88 :!: 0.12 
0.98 t_ 0.18 
0.13 t_ 0.06 0.48 t_ 0.09 
0.48 t_ 0.05 0.81 t 0.13 
... 
Mg Ca 
2.49 t_ 0.88 4.52 t_ 1.99 
1.15£0.17 1.11 t_ 0.24 
Site No. 108 














Aspect 0 Slope 0 
310 21 
Site Characteristics 
land Micro Parent 
El;ent Relief Material 
\' 
\ 




Drainage Soi 1 
Class Classification Soi I Set Map Ref. Date Co !lector 
2 Podi- Ruahine N156: 12/70 P.A.W. 
eldeclinic 788-642 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Soil Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
Quick Tests , 
Ca K Mg 
Readily Soluble Phosphate SO -s 
Truog Bray Olsen 4 
Dens i ty ~n 6-2 mm ""2 mm >2 mm <2 mm P No. 1 . P P ppm wt 
h.si.l. w.s.s. 0.40 0 0 3.7 0 100 4.2 0 4 2 5 7 
Inorganic Phosphorus Fractions 
ppm p (s/10 cm/m2) and as % Sum-1-P ( 
NH 4CL NH 4F 
1st Reductant 2nd HCL Surface-P Occluded-P Apat i te=P ---Sum-1-P NaOH Sol. NaOH Sum 1-P 
0 10 65 25 13 0 113 2.78 1.41 0.0 4.19 














Tussock Shoot Phlsical Pro~erties 
n Length Leaf Shoot Wei:~ht 
(em) No. Sheath Green B I a des Dead Tips 
8 79.8 6.23 0.93 :1: Oo11 2o02 :1: Oo21 Oo38 :1: Oo05 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
Oo85 :1: Oo 16 1o37 :1: Oo09 8o99 :1: 1 o70 18o98 :1: 3o61 Oo48 :1: Oo19 
-------~--------------------
108 Oo61 :1: Oo04 1. 36 :1: 0 0 14 9o97 :1: Oo77 10o79 :1: Oo54 Oo47 :1: Oo14 
108 Ool9 :1: Oo26 Oo71 :1: Oo04 4o54 :1: Oo42 Oo95 :1: Oo42 Oo24 :1: 0.04 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 
108 2o09 :1: 0.62 4o29 :1: 1o23 34. 52 :1: 10 0 36 39o81 :1: 7o96 1o49 :1: Oo37 
Wt/L 
Total (g/cm x 10 3) 
---
3 0 3.3 4o2 
Hg Ca 
0.35 :1: Oo06 Oo38 :1: 0.06 
Oo65 :1: Oo08 Oo65 :1: Oo09 
Oo31 :1: Oo03 Oo59 :1: Oo06 
iJ 
Hg Ca 
1.75 :1: Oo23 1o89 :1: Oo56 

































Soi 1 Set 
Ruahine 
Map Ref. Date Collector 
N156: 12/79 P.A.W. 
792~640 
Physiognomic Species and Crown Cover of Tall Tusso~!_s ( 
C.flavesaens (2) Carpha alpina. 
Munsell 
10 YR 3/3 
Ok.br. 
Texture Consistence Bulk 
Density 
h.s i .1. w.s.s. 0.37 
ppm 
NH 4CL NH 4F 1st NaOH 
Soi 1 Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mm o-rmm---=~mm ->Tiiim----q mm 
0 0.11 3.58 3 97 4.6 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL 
sol. NaOH Sum 1-P 
Quick Tests 
Ca K . Mg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No.1. P P ppm wt 
0 4 14 2 8 12 17 67 
P (s/10 cm/m2) and as t Sum~l-P ( 
















Tussock Shoot Ph~sical Pro~erties 
Length Leaf Shoot Weisht 
(em) No. sheath Green B 1 a des Dead Tips 
74.6 5.91 0.68 r. 71 0.35 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.14 7.17 19.1 . 0.34 
----------------------------
109 0.58 1.23 8.67 11.1 0.31 
Wt/L 












0.66 3.50 2.13 
Weight of Elements per Shoot (mg dry wt) 
s N K 
3.11 24.04 32.71 
0.36 0.51 0.44 
Na Hg Ca 
0.87 1.30 1.80 
Site No. 110 Site Characteristics 
---
Locality AI t. Precip. Aspect 0 Slope () Land Micro Parent Drainage Soil Soil Set Map Ref. (m) Class Eltent Relief Material Class Classification Date 
\ 
Dennan, 1 370 F 10 20 Hu 1 Greywacke 3 Podi- Ruahine N156: 12/70 Tararua Range L.a. slope eldecl inic 783-662 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.paUens (2), AsteUa sp. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 












Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum 1-P 
Quick Tests 
Ca K Hg 




No.1. P P 
P (g/10 cm/m2 ) and as % ·sum-1-P ( 





















Tussock Shoot Phtsical ProQerties 
Length Leaf Shoot Wei!jht 
(em) No. Sheath Green B I a des Dead Tips 
84.6 5.0 0,47 0.75 0.08 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.79 1.30 7.33 18.0 3.64 
--------·-------------------
110 0.92 1.46 13.0 13.50 2.55 
110 0.45 1.15 7.60 4.13 1.23 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 
110 1.09 1.80 13.78 18.54 3.72 
Wt/L 









Site No. 111 Site Characteristics 
locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Eltent Rei ief Material Class Classification Soil Set Map Ref. Date 
I 
Dennan, 1 370 F 43 28 Hu 4 Greywacke 3 Podi~ Ruah i ne N156: 12/70 
Tararua Range L.a. slope eldec 1 i ni c 785-654 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Tussoc:k_s ( 
C.pallens (2), Aciphylla colensoi, Astelia sp. 
Soil Characteristics 
Whole Soil Fractions 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density~nm 6-2mm ..s2mm >Zmm <2mm 
10 YR 3/4 st. 1. v.fr. 0.80 2.1) 1.0 5.04 37 63 4.3 Dk.yl.br. 
Inorganic Phosphorus Fractions 
ppm 
NH 4CL NH4F 
1st Reductant 2nd HCL Sum 1-P NaOH Soi. NaOH 
-
0 13 97 46 20 3 179 
Quick Tests 
Ca K . Mg 
0 4 .. 





No.I. P P 
5 8 
p (a/10 cm/m2) and as %"Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
5.55 3.33 0.15 






























0.42 t 0.11 
Shoot Weight 
Green Blades Dead Tips 
0.66 t 0.16 o. 15 t 0.04 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0.91±0.11 · I. 36 t 0. 09 7. 77 t 1.07 20.73 t 2.87 3.28 t 1.09 
-------·-------------------
Ill 0.78±0.10 I. 36 t 0. I 0 10.35 t 0.82 10.35 t 0.85 2.0 t 0.84 
Ill 0.34±0.08 0.92 t 0.10 5.09 t 0.77 3.61 t 1.42 1.33 f 0.92 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.81 t 0.10 
0.85 t 0.11 
0.50 t 0.22 
Mg 
I .0 t 0. 54 
Wt/L 
(g/cm x 10 l. 
1.6 
Ca 
0.66 t 0.06 
0.93 t 0.06 
I .0 t 0. 33 
• 
Ca 
I. 17 t 0. 34 
Site No. 112 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope () Land Micro Parent Drainage Soi 1 (m) Class El;ent Relief Material Class Classification SoU Set Map Ref. Date 
,. 
\ 
Dennan, 1 372 F 43 27 Hu 4 Greywacke 3 Podi~ Ruah i ne N156: 12/70 
Tararua Range L.a. slope eldeclinic 785~653 2/72 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.pallens (2), Aaiphylla aolensoi, Astelia sp. 
Munse 11 





Whole Soi I Fractions 
Texture Consistence Bulk ksr/10 cm/m2 x 10 % min. soi 1 PH 
Density~1m 6-2 nvn 42 nrn >2 nrn <2 nrn 
st. I. v.fr. 0,79 2.0 0.90 4.96 41 59 4.5 
Inorganic Phosphorus Fractions 
ppm 
NH 4CL NH 4F 
1st RediUct.ant 2nd HCL NaOH Sol. NaOH Sum 1-P 
20 132 21 18 6 198 
Quick Tests Readily Soluble Phosphate 
Ca K Mg 





No.I P P 
12 18 
P (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
7.58 1.93 0.29 





























Tussock Shoot Phlsical Pro~erties 
n Length Leaf Shoot Wetsht 
(em) No. Sheath Green Blades Dead Tips 
8 73.4 4.84 0.34 t 0.11 o.6o·t o.16 0.11 t 0.03 
8 81.8 6.26 0.48 t 0.08 0.87 t 0.11 0.11 t 0.03 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
1,02±0.13 
0.89 t 0,"14 
0.79 t 0.06 
0.78 ± 0.06 
0.29 t 0.08 
0.28 t 0.08 
p 
1.50 t 0.35 
1.15±0.12 
s 
1.49 ± 0,]] 
'l.54 t 0.08 
1.42 ± 0.03 
1.51 t 0.07 
0.84 t 0.16 
0.]0 t 0.17 
N 
].81 t 0.85 
7.11 t 0.88 
10.87 t 0.87 
9.80 t 0.71 
4.25 t 0.90 
4.25 t 0.90 
K 
24.26 t 3.48 
21.14±3.94 
11.66 t I. 57 
11.12 t 0.90 
4.0 
3.36 
Weight of Elements per Shoot {mg dry wt) 
s 
1.35 t 0.35 
2.18 t 0.19 
N 
9.53 t 2.52 
12.46 t 1.34 
K 
15.64 't 5.20b 
20.20 t 1.95b 
Na 
3.35 t 0.36 
3.17 t 0.40 
1.89 t 0.45 
2.25 t 0.13 
1.20 
0.87 t 0._17 
Na 
2.46 t 0.99b 





0.76 t 0.08 
0.61 t 0.09 
.....,... ---
0.86 t 0.18 
0.]2 t 0.11 
0.55 
0.49 t 0.08 
Hg 
0.84 t 0.32b 
0.97 t 0.10 
Wt/L 




0.58 ± 0.05 
0.49 t 0.10 
0.8] t 0.20 
0.89 t 0.15 
0.86 
1.11 t 0.18 
" 
Ca 
1.76 t 0.43b 
1-.12±0.16 
Site No. 113 









0 Slope 0 
F 27 6 
Site Characteristics 
land Micro Parent 
Eltent Relief Material 
I 




Drainage Soi 1 
Class Classification Soi. I Set Map Ref. Date Co I lector 
3 Podi- Ruahine ·N156; 12/70 P.A.W. 
eldecl i nic 785-654 
Physiognomic Species and Crown Cover of Tall Tus_s<!f_t$_ ( 
C.pallens (2), Aciphylla colensoi, Astelia sp. 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readill Soluble Phosehate 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
so4 -s 
Density~1m li-2 mm "'' mm >~ mm <2 mm p No.I. P p ppm wt 
10 YR 3/4 si. 1. Dk.yl.br. fr. 0.40 0 0.2 3.8 5 95 
4.3 0 2 . . 2 6 9 
Inorganic Phosphorus Fractions 
P(!m p 2 (s/10 cm/m ) and as % Sum-1-P ( 
NH 4CL NH 1/ 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P ----Sum-1-P NaOH :Sol. NaOH Sum 1-P 
0 16 83 28 15 2 144 3.74 1.62 0.08 5.44 



































G reeri B 1 a des Dead Tips 
o.so 0.08 
Element Concentrations in Shoot Components (mg/g dry wt) 
5 N K Na 
1.46 12.0 22.60 3.89 
1. 56 11.30 13.0 2.81 
1.02 5.67 3.75 0.95 
We!ight of Elements per Shoot (mg dry wt) 
s N K Na 



















Site No. 114 Site Characteristics 
Loca I i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Elfent Rei ief Material Class Classification Soil Set Map Ref. Date Collector 
\ 
Vossler Hut, 1 406 F 310 17 T 1 Greywacke 2 Podi~ Ruahine N156: 12/70 P.A.W. 
Tararua Range L.a. slope eldeclinic 791~643 
detritus 
and loess 
Physiognomic Species and Crown Cover of Ta 11 Tuss_(l_<:_k~ ( 
C.pallens (2), herbs. 
Soil Characteristics 
Whole Soil Fractions 
Hunse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
10 YR 5/2 
Gr. br. 










Inorganic Phosphorus Fractions 
2nd 
NaOH HCL Sum 1-P 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate SO ~s 
Truog Bray Olsen 4 
P No. 1 . P P ppm wt 
P (g/10 cm/m2) and as %· Sum-1-P ( 

















Tussock Shoot Ph~sical Pro~erties 
n length leaf Shoot Wei!lht 
(em) No. Sheath Green B I ades Dead Tips 
B 41.3 4.15 0.14 0.21 0.06 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1.02 1. 35 10.30 22.50 3.13 
-------------------------
1.02 1.43 7.20 12.50 1.55 
0.37 1.07 5.50 5.38 1.23 
Wed ght of Elements per Shoot (mg dry wt) 
p s N K Na 
0.33 0.56 4.08 s,.89 0.94 
Wt/l 















































Map Ref. Date 
N156: 12/70 
791-643 
Physiognomic Species and Crown Cover of Tall Tus~~~ ( 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readill Soluble Phosehate 
Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
Density >~ rnm 1>-2 mm 4:>~ mm >~ mm <Z mm p No.I. P p 
st. l. fr. 0.60 0.10 0.8 5.0 18 82 4.5 0 5 . . 3 9 11 
Inorganic Phosphorus Fractions 
Pem p (g/10 cm/m2) and as % Sum-1-P 
-1st NH 4CL NH 4F Reductant 
2nd HCL Surface-P Occluded P A pat i te-P NaOH Sol. NaOH Sum 1-P 
0 22 77 59 23 3 184 5.0 4.14 0.15 





Sum- f --P 
9.29 
Tussock Shoot Phlsical Pro~erties 
Sample n Length Leaf Shoot Weisht Wt/L 
Taxon No. (em) No. Sheath Green Blades Dead Tips Total (g/cm x 10 3 
C.paZlens 115.1 8 59-9 4. 77 0.23 t 0.07 0.36 t 0.11 0.09 t 0.01 0.68 1.13 
115.2 8 70.7 6,01 0.32 ± 0.07 0' 70 :t 0.14 0.08 t 0.02 1.10 1.56 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Mg Ca 
115.1 1.27 ± 0.18 J ,JI4 t 0. 09 9. 19 t 3' 40 22.32 t 2.50 3.17 ± 0.43 0.78 t 0.11 0.61 t 0.07 
Sheaths 
115.2 1.05 1.45 8.17 21.10 2.80 0.76 0.38 
- - -- --- -
---------
- -
Green 115.1 0.83 t 0.09 1 ,LIO t 0.09 10,44 t 1.59 11 .25 ± 1 .63 2.40 t 0.96 0.97 ± 0.13 0.95 t 0.14 
blades 
115.2 1.02 1.43 7.50 12.50 1.55 0.79 0.81 
-- - - - - --
-- - - -·---------- - --------------
Dead 115.1 0.36 t 0.11 0.98 ± 0.09 5.25 t 1.32 
tips 
115.2 0.35 0.43 2.33 0.75 0.03 0.34 1.25 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na Mg Ca 
115.1 0.64 t 0.12 0.92 t 0.18 6.42 t 1.56 9.49':± 1.93 1.53c± 0.38 0.55c± 0.15 o.soc± o. 16 
115.2 1. 08 I. 57 8.22 16.02 2.07 0.84 0.79 
Site No. 





10 YR 4/2 
Dk.gr.br. 
116 Site Characteristics 
Alt. Precip. Aspect 0 Slope 0 (m) Class 
-
Land Micro Parent Drainage Soi 1 
Eltent Relief Material Class Classification Soi I Set Map Ref. Date Collector 
i 
1 415 F 135 12 L.a. HI 
1 Greywacke 2 Podi~ Ruahine N156: 12/70 P.A.W. 
slope eldeclinic 792~638 
detritus 
and loess 
Physiognomic Species and Crown Cover of Tall Ty!;socks ( 
Soil Characteristics 
Whole Soil Fractions Quick Tests Readil~ Soluble Phosehate 
Texture Consistence Bulk kg/10 cm/m2 x 10 % mln. sol 1 pH Ca K 
'Mg Truog Bray Olsen so4-s 
Density >I> mm 1>-2 mm ... ~ mm >~ nrn <2 nrn p No.1. P p ppm wt 
f .s. I. fr. 0.41 0 0.20 3.90 5 95 5.8 0 6 14 2 7 15 24 93 
Inorganic Phosphorus Fractions 
pem p (g/10 cm/m2) and as % ·sum-1-P ( 
-
NH4F 


















Tussock Shoot Ph~sical Pro~erties 
length leaf Shoot Wei51ht 
(em) No. Sheath G reen B I a des Dead Tips 
63.4 5.10 0.28 0.53 0.05 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.28 8.83 17.40 3.54 
-------~--------------------
116 1.05 1. 37 11.30 10.60 2.78 
116 0.46 1. 01 6.41 3.29 1.50 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 
116 0.91 1.14 8.78 10.65 2.54 
Wt/l 















Tararua Range L.a. 
. o SJ o Prec1p. Aspect ope 
Class 
F 0 5 
Site Characteristics 
Land Micro Parent 
Eltent Rei ief Material 
i 




Drainage Sci I 
Class Classification Sci I Set Hap Ref. Date Collector 
2 Podi~ Rlfah i ne N156: 12/70 P.A.W. 
eldecl i nic 789~642 
~iognomic Species and Crown Cover of Tall Tu~ocks ( 
C.fZavesaens (J), C.paZZens (2). 
Munsell 




Texture Consistence Bulk 
Density 
f .s, I. fr. 0.37 
PE!!!.. 





Whole Soli Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6 mm o-2-miii- .oz--mm-- ->2 111111 <2 111111 
0 0.15 3.58 4 96 5.5 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
14 18 4 178 
Quick Tests 
Ca K Hg 
Readily Soluble Phosphate 
Truog Bray Olsen so4-s 
P No. I. P P ppm wt 
0 4 19 2 9 14 21 75.2 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apat i te-...1'- -s-um-...1-...P 
5.08 1.14 0.14 6.37 























Tussock Shoot Phxsical Pro~erties 
n Length Leaf Shoot Weight 
(em) No. Sheath Green 8 I a des Dead Tips 
8 71.9 6.22 0.81 t 0,26 1.66 t 0.53 o.4J t 0.13 
8 46.6 4.51 o. 15 t 0.02 0.23 t 0.06 9.07 t 0.02 
Element Concentrations in Shoot Components (mg/g dry wt) 
p 
0.67 t 0,09 
0.89 t 0.08 
0,43 t 0.07 
s 
1 .19 t 0.05 
1.33 t 0.09 
1.15 t 0.04 
N 
7.26 t 0.92 
9.53 t 0.64 
8.04 t 0.70 
K Na 
19,82 t 1.24 0.35 t 0.06 
15.10 t 1.50 3.56 t 0.50 





0.35 t 0,07 
0.64 t 0.08 
0.52 t 0.07 
Wt/L 




0.39 t 0.05 
0.52 t 0.04 
0.67 t 0.10 
0.74 t 0.07 1.47 t 0.11 9.90 t 0.79 9.34 t 0.86 2.62 t 0.42 1.01 t 0.19 0.85 t 0.08 
0.03 t 0.01 
0.26 t 0.08 
p 
1. 27 t o. 36 
0.26 t 0.08 
0.62 t 0.05 
1.05 
3.21 t 0.17 
4.38 t 0.76 
0. 72 t 0.15 
Weight of Elements per Shoot (mg dry wt) 
s 
3.14 t 0.93 
0.61 t 0.11 
N 
20.62 t 6.41 
4.32 t 1.03 
K 
31 . 91 '± 12. 68 
4.41ct 0.81 
0.28 t 0.09 
Na 
0.99 t 0.23 
0.92ct 0.30 




0.44 t 0.06 
.. 
Ca 
1.61 t 0.56 
Q.27c± 0.09 
Site No. 118 
loca I i ty 
Hut Mound, 
Ta rarua Range 
C.pallens (4) 
Munsell 








0 Slope 0 
Site Characteristics 
Land Micro Parent 
El~ent Relief Material 
Drainage 
Class 
Soi 1 Soi 1 Set Map Ref. Classification 
~------ --. --- -------~~ 
Date Collector 












Physiognomic Species and Crown Cover of Tall TussOf_~ ( 
Soil Characteristics 
Whole Soil Fractions 
Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density >6 mm 6-2 mm < 2 mm >L mm <t. mm 
fr. 0.45 0.14 0.62 3.71 20 80 5.4 
Inorganic Phosphorus Fractions 
P2m 
NH 4F 1st Reductant 2nd HCL NaOH Sol. NaOH Sum 11-P 
29 102 21 31 5 190 
Quick Tests 
Ca K Mg 
0 3 9 




Bray 0 I sen 
No.I P P 
8 15 
2 P (2/10 cm/m) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
4.93 1.92 0.18 
























Tussock Shoot Phtsical Pro~erties 
Length Leaf Shoot Wei9ht 
(em) No. Sheath Green Blades Dead Tips 
43. I 3.45 0.08 0.17 0.05 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1.32 1.33 8.83 15.88 2.36 
----------------------
I. 17 1 .39 10.20 12.80 I. 61 
0.32 0.82 4.33 2.13 0.58 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 
0.32 0.38 2.66 2.75 0.49 
Wt/L 










Site No. 119 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soil Set Map Ref. Date Collector (m) Class ~ent Rei ief Material Class C 1 ass if i cation 
Mt Ka i paroro, 785 E 0 10 Cr 2 Loess and 2 A-gleyed Ruahine N153: 12/70 P.A.W. W. Wai rarapa m greywacke eldepodic 071-938 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.flavescens (2), Doacophyllum filifolium, Leptospermum scoparium. 
Soi 1 Characteristics 
Whole Soil Fractions Quick Tests Readily Soluble Phos~hate 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soil pH Ca K Mg Truog Bray Olsen 
so4-s 
Density >6 mm 6-2 mm <::2 mm >2 mm <2 mm p No.I p p ppm wt 
10 YR 3/3 h. s i. 1. f.m. 0.80 Dk. br. 0 0.10 7.83 1 99 4.4 0 2 13 2 11 
14 19 150 
Inorganic Phosphorus Fractions 
p~m p (~/10 cm/m2) and as % Sum-1-P 
Pretention NH 4CL NH 1/ 
1st ReductiJnt 2nd Surface-P Occluded-P Apatite-P Sum-1-P 
NaOH So I. NaOH HCL Sum 1-P 
57 1 24 30 20 7 21 99 4.30 2.11 1.64 8.05 















Tussock Shoot Phlsical Pro~erties 
n Length Leaf Shoot Wei!lht 
(em) No. Sheath Green Blades Dead Tips 
8 150.0 6.97 3.65 i 0.81 3.73 i 0.72 0.60 i 0.18 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
o,65 ± o,o9 1.15 i 0,12 6 0 54 ± 1 0 13 17o41 i 2.0 Oo29 i Oo09 
_____ , ______ 
- -- - - - - -
0.45 ± 0.05 1.14 i 0.08 7.57 ±0.61 12.46 i 1.42 0.35 i 0.05 
0.15 ± 0.04 0,88 ± 0.08 4.49 i 0.51 2.69 i 1.48 0.37 ± 0.05 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 
4.10 i 0.67 9.01 ± 1. 75 53.75± 10.10 111.07±24.43 2o54 ± 0.47 
Wt/L 
Total (g/cm x 10 3: 
7.99 5.3 
Mg Ca 
Oo27 i 0.09 0.60 i 0.07 
- ---- ----
0.58 i 0.08 0.74 i 0.15 
0. 46 i 0.12 0.68 i 0.16 
"' 
Mg Ca 
3.40 ± 0.65 5.55 ± 1o51 
Site No. 120 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 ILand Micro Parent Drainage Soi I Soil Set Map Ref. Date (m) Class El~ent Relief Material Class Classification 
Mt Kaiparoro, 785 E 0 10 Cr 2 Loess and 2 A-gleyed Ruahine N153: 12/78 W.Wairarapa m greywacke eldepodic 071-939 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.flavescens (2), IPacophyUwn filifoliwn, Leptospern:rwn scopariwn. 
Munse 11 Texture 












Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi I pH 
>6 mm 6-2mm.:2mm >2 mm <2 mm 
0 0 7.90 1 99 4,4 




NaOH HCL Sum 1-P 
Quick Tests Readill Soluble Phos2hate 
Ca K Mg Truog Bray Olsen 
p No.I. P p 
0 4 6 2 9 12 
P (g/10 cm/m2) and as % Sum-1-P 
































Green Blades Dead Tips 
3.93 0.82 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 










--- ------ w-- ----- --- -- ----- --..,...------ --








0.78 4.17 2.95 
Weight of Elements per Shoot (mg dry wt) 
s N K 
7.58 46.90 82.24 
0.39 0.40 0.75 
Na Mg Ca 
2.62 2.38 3.47 
Site No. 121 Site Characteristics 
Loca I i ty AI t. Precip. Aspect 0 Slope 0 land Micro Parent Drainage Soi I Soi.l Set Map Ref. Date {m) Class Eltent Rei ief Material Class Classification 
\ 
Mt Kaiparoro, 790 E 315 5 Cr 2 loess and 2 A~gleyed Ruahine N153: 10/71 Wairarapa greywacke eldepodic 071 ~936 
slope 
detritus 
Physiognomic Species and Crown Cover of Tall Tuss~~l~ ( 
C.fZavesaens x C.rubra {3). 
Munsell 
10 YR 3/3 
Dk.br. 
Texture Consistence Bulk 
Density 






Whole Soil Fractions Quick Tests Readily Soluble Phosphate 
kg/10 cm/m2 x 10 %min. soil pH Ca K Mg Truog Bray Olsen 
>6 mm 6.;2-mrii ..::Tinm- -:.-z- mm-<2 mm P No. I. P P 
Inorganic Phosphorus Fractions 
p {s/10 cm/m2) and as % Sum~J-P { 




























Tussock Shoot Phxsical Pro~erties 
n Length Leaf Shoot Welsht 
(em) No. Sheath Green 8 I a des Dead Tips 
8 101.2 5.79 0.69 t 0,06 1.57·±0.17 0,43 t 0.17 
8 84.5 4,92 0.31 ± 0.10 0,81 ± 0.20 0.27 t 0,06 
Element Concentrations in Shoot Components (mg/g dry _wt) 
p 
0.70±0.07 
o. 78 ± 0.15 
s 
1.38 ± 0.12 
1.54 t 0,22 
N 
7. 73 ± o. 73 
8.44 t 1.51 
K 
17.03 t 0.62 
17.01 t 2.41 
Na 
0.37 t 0.05 





0.36 t 0.24 
o.27 t o.o4 
Wt/L 




0,44 t 0.20 
0.30 t 0.14 
------ ·-- ----- --- -- ----- - _,..------ --
0,49 ± 0.04 
0.46 t 0.05 
0.10 ± 0.06 
0.13 t 0.44 
p 
1,32 t o. 23 
0. 76 t 0,10 
1.30 ± 0,16 
1.33 t 0.10 
0,96 t 0.15 
0.99 t 0.19 
7.07 ± 0.60 
6.20 t 0.39 
3.55 t 0.64 
3.42 t 3.18 
12.07 t 1.54 
10.97 t 1.17 
3.17 t 1.62 
4.37 t 4.76 
Weight of Elements per Shoot (mg dry wt) 
s 
3.49 t 0.72 
2.32 t 0.31 
N 
18.18 t 2.95 
10.28 t 1.04 
K 
32.35·± 4.25 
17.73 t 2.41 
0.28 t 0.13 
0.22 t 0.06 
0,20 t 0.12 
0.17 t 0.13 
Na 
0.68 t 0.07 
0.39 t 0.08 
0.49 t 0.17 
0.45 t 0.08 
0.51 t 0,14 
0.41 t 0.19 
Hg 
1.26 t 0.44 
0.73 t 0.13 
0.53 t 0.11 
0.38 t 0.13 
0.98 t 0.25 
0.59 t 0.44 
Ca 
1.64 t 0.67 
~.92 t 0.50 
Site No. 122 









0 Slope 0 





















Map Ref. Date Collector 
·N153: 12/70 P.A.W. 
070-936 10/71 
Physiognomic Species and Crown Cover of Tall Tuss~ks { 
, 
C.rubra (2), Carpha aZpina, Sahoenus pauaifZorus. 
Soi.l Characteristics 
Whole Soil Fractions 
Munse 11 kg/10 cm/m2 x 10 %min. soil pH Texture Consistence Bulk 
Density >o rnin----o-rmm <-zrnm- >2 mm <2 mm 













0 0 4.04 0 100 4.4 
Inorganic Phosphorus Fractions 
Reductant 2nd 
Sol. NaOH HCL Sum 1-P 
0 6 5 102 
Quick Tests Readil~ Soluble Phos~hate 
so4-s Truog Bray Olsen Ca K Mg 
p No.I. P p ppm wt 
0 2 13 2 15 14 19 77 
P (s/10 cm/m2 ~ and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P Suin-1-P 
3.55 0.24 0.20 3.54 








Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Wei!jht Wt/L 
No. (em) No. Sheath Green B I a des Dead Tips Total (g/cm x 10 3) 
--
122 8 67.2 4.63 0.36 t 0,24 0.73 't 0,32 0.13 t 0.04 1.~2 1.8 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Mg Ca 
122 0.82:!:. 0.21 - 1. 15 t 0. 25 7.87± 1.86 15.98 t 3.16 0,47 t 0.08 0.33 t 0.08 0.47 t 0.12 
--- --------- ----- --- -- ----- - __,_------ --
122 0.37 t 0.02 0. 96 t 0.15 6.29 t 0.65 7.92 t 0.78 0.34 t 0.04 0.37 t 0.07 0.54 t o. 12 
122 0.15 t 0.02 0.71 3.20 t 0.27 1.38 t 0.68 0.69 t 0.14 0.38 t 0.05 0.79 t 0.14 
We·ight of Elements per Shoot (mg dry wt) • 
p s N K Na Mg Ca 
122 0.58 t 0.28 1. 31 t 0. 79b 7. 56 t 3.10 12.06 t 6.24 0.50 t 0.18 0.43 t 0.18 0.73 t 0.43 
Site No. 123 
Locality Alt. (m) 
Precip. 
Class Aspect 














E 0 2 Hu loess 0 luviplatic Ruahine 'N153: 12/70 P.A.W. 
silt 070-936 
loam 
Physiognoll)icSpecies and Crown Cover of Tall Tussocks ( 
C.rubra (2), Ca;ppha a~pina, Sahoenus pauaif~orus. 
Munsell Texture 












Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi I pH 
>I> mm 1>-2 mm <~ mm >~ mm <2 mm 
0 0 4,01 0 100 4,4 




NaOH HCL Sum 1-P 
Quick Tests Readil~ Soluble Phosehate 
Ca K 'Mg Truog Bray Olsen 
p No.I. P p 
0 4 6 2 12 12 
P (g/10 cm/m2) and as % Sum-1-P ( 








Site No. 124 Site Characteristics 
locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class El;ent Relief Material Class Classification Soil Set Map Ref. Date Collector 
I 
i 
Ruahine Range 1 098 E 0 5 F I Pumicous 1 Hadenti- Ruahi ne N145': 2/73 M.Mc. 
S .a. ash and e 1 devo 1 i c silt 45-63 
loess loam 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.paUens (5) 
Soi 1 Characteristics 
Whoie Soil Fractions Quick Tests 
Munsell Texture Consistence Bulk kg/110 cm/m2 x 10 % min. soi J pH Ca K Mg 
Readill Soluble Phos~hate 
so4-s Truog Bray Olsen 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm p No.I p p ppm wt 
-
10 YR 3/3 h .s' w.s ,5. 4,6 0 8 9 Dk.br. 5 
18 36 42 
Inorganic Phosphorus Fractions 
p~m p 2 (~/10 cm/m ) and as % Sum-1-P ( 
NH 4CL NH 4F 
1st Reductar:t 2nd HCL Sum 1-P Surface-P Occl uded-P Apatite-P ---Sum-1-P NaOH Sol. NaOH 
71 121 15 9 3 219 




























Green B I a des Dead Tips 
1.73 0~14 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.25 7.0 16.0 4.76 
- - - - - --a- - -.-- -- -- - -- -- - - - -
124 0,72 l. 33 10.30 7.88 3.0 
124 o. 17 0.98 4.50 0.50 0.48 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 























10 YR 3/3 
Dk.br. 
Site Characteristics 
AI t. Precip. Aspect 0 Slope 0 (m) Class 
-
land Micro Parent Drainage Soil 
El~nt Relief Material Class Classification Soi I Set Map Ref. Date 
1 006 F 0 5 
S .a. 
i 
F 1 Pumiceous 1 Luvi plat ic Ruahine N 11!5: 2/73 
ash and s i 1 t 4S~f3 
loess loam 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
Textur.e Consistence 
11. s. 1 . w. 5. 5 f 







Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi 1 pH 
>1> mm 1>-2 mm "'~ mm >~ mm <2 mm 
4,6 




NaOH HCL Sum 1-P 
Quick Tests Readilt Soluble Phos~hate 
Ca K Mg Truog Bray Olsen 
p No.1 p p 
0 5 8 5 24 55 
P (g/10 cm/m2) and as % Sum-1-P ( 














Samp 1 e 
No. 
125 

















Green B 1 a des Dead Tips 
1.13 0.19 
Element Concentrations in Shoot Components (mg/g ~ry wt) 
s N K Na 
1. 24 7.0 12.3 2.02 
----------------------------
125 0.67 1. 43 9.17 8.50 1. 53 
125 0.32 o. 21 6.17 2.75 0.93 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 


















Site No. 126 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Ele~ent ReI ief Material Class Classification Soi 1 Set Map Ref. Date Collector 
Moawhango Dam 900 B 180 5 T 5 Andesitic 3 Vol i-subalvic Waimarino N122: 10/71 P.A.W. 
m ash and 2?3-539 
pumiceous 
ash mixed 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C. ruhra (2), Leptospermwn scopariwn, Cassinia vauvi Uiersii. 
Soil Characteristics 
Whole Soil Fractions Quick Tests 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg 
Readill Soluble Phosehate 
so4-s Truog Bray Olsen 
Density >6 mm 6-2 mm <2 mm >2 mm <2 mm p No.I p p ppm wt 
10 YR 2/2 s. v.fr. 0.87 V.dk.br. 0 0.04 8.60 
0 100 5.0 1 5 7 2 11 10 23 198 
Inorganic Phosphorus Fractions 
P2m p (g/10 cm/m2) and as % Sum-1-P 
NH 4CL NH 4F 
1st Reductant 2nd HCL Surface-P Occluded-P Apatite-P ~um-1-P Pretention NaOH So'l. NaOH Sum 1-P 
76.5 2 85 33 7 8 14 149 10.32 1.29 1 .20 12.81 






















0,22 t 0.05 
Shoot Weight 
Green -BTades -De-aall ps 
0. 52 "t 0' 10 0. 18 t 0 '04 
Element Concentrations in Shoot Components {mg/g dry wt) 
p s N K Na 
0.68 t 0.10 1,42 t 0.50 5.64 t 1.04 9.24 t 1.05 0' 52 t 0. 10 
--- ------·--- -----------------




0.19 t 0.04 
0.34 t 0.08 
Wt/L l 
{g/cm x 10 
1.1 
Ca 
0. 59 t 0. 12 





0.22 ± 0.09 
p 
0.44 t 0.09 
1.05 ± 0.59 3.64 t 0.96 2.42 t 0.82 
Weight of Elements per Shoot (mg dry wt) 
s N K 
1 .23 ± 0. 77 4.76 t 0.94 6.29 t 1.43 
0.20 t 0.05 0. 39 t 0.14 1.68±0.36 
w 
Na Hg Ca 
0.37 t 0.05 0.29 t 0.07 0.86 t 0.18 
Site No. 127 Site Characteristics 
---
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class Elfent ReI ief Material Class Classification Soi I Set Map Ref. Date Collector 
Whakapapa 1 427 F 5 5 F 5 Andesitic 1 Organi~ Ngauruhoe N122: 12/70 P.A.W. 
Va !ley L.a. ash over eldeskelous 304~372 
andesitic 
lap iII i 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rubra (2), Notodanthonia setifolia, Carpha alpina. 
Munse 11 




Texture Consistence Bulk 
Density 
h. s. w. s. s. 0.59 
ppm 





Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>o mm-- - ti~2-111m < Tiiilll - >T mni -- --< 2 mm 
0 0. 14 5.8o 2 98 5.6 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum J~p 
0 9 9 91 
Quick Tests 
Ca K Mg 
0 1 3 




t!ray 01 sen 





p (s/10 cm/m2) and as % Sum~I-P ( 
Surface~P Occluded~P A pat i te:P- ----Sum~ 1-P 
4.23 0.52 0.52 5.28 
























0.31 t 0,10 
Shoot Weight 
Green Blades Dead Tips 
0.6~ t 0,16 0.27 t 0.06 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
0,58 :!:_ 0,04 1. 60 t 0.09 5.96 ± 0.63 12.93 t 1.96 0.44 t 0.02 
--------------------------
127 0.43 t 0.03 1,55 ± 0,25 6.91 ± 0.44 8.60 t 0.81 0.38 t 0.03 
127 0.19 t 0,04 0.95 t o. 15 4.12 t 0.71 1.69 ± o. 70 0.24± 0.02 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.29 t 0.05 
0.45 t 0.03 
0.26 ± 0.06 
Mg 
0.47 t 0.09 
Wt/L 
(g/cm x 10 3 
1.7 
Ca 
0.58 t 0.06 
0.61 t 0.04 
0.69 t 0.11 
.. 
Ca 
0.80 t 0.14 
Site No. 128 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 (m) Class 
-
Land Micro Parent Drainage Soi I 
El;ent Rei ief Material Class Classification Soil Set Map Ref. Date 
,. 
\ 
Whakapapa 1 427 F 5 5 F 5 Andesitic 1 Organi- Ngauruhoe N122: 12/70 
Valley L.a. ash over eldeskelous 304-372 
andesitic 
gravel 
Physiognomic Species and Crown Cover of Tall TussQ_~~- ( 
C.rubra (2), Notodanthonia setifolia, Carpha alpina. 
Munsell 
10 YR 2/2 
V.dk.br. 
Texture Consistence Bulk 
Density 







Whole Soil Fractions 
kg/10 cm/m2 x 10 % min. soi I pH 
>o min- o=l--miil <Tmm- >2 mm <2 mm 
0 0.21 6.90 3 97 5.6 




NaOH HCL Sum 1-P 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No. I. P P 
2 4 4 4 
P (g/10 cm/m2 ) and as % ·Sum-1-P ( 









































Green Bla-des Dead Tips 
0.69 0.21 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
T .77 6.50 13.80 0.48 
1. 51 7.33 8.38 0.35 
0.70 3.17 0.88 0.23 
Weight of Elements per Shoot (mg dry wt) 
s N K Na 


















Site No. 129 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m) Class El~ent Rei ief Material Class Classification Soil Set Map Ref. Date Collector 
Whakapapa 1 342 F 350 5 F 5 Andesitic 1 Organi· Ngauruhoe "N122; 12/70 P.A.W. 
Va II ey L.a. ash over eldeskelous 304·373 
andesitic 
grave 1 
P h y s i o g nom i c S p e c i e s an d C row n C o v e r o f T a 11 T u s _SO__f_~_ ( 
C. ruhra (2), Notodanthonia setifolia, Carpha alpina. 
Munsell 
10 YR 2/2 
V.dk.br. 
Texture Consistence Bulk 
Density 
h. 5. w.s.s 0.59 
ppm 




Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>Oimm 6-2 mm ~ >2 mm <2 mm 
0 0.14 5.8o 2 98 5.3 
Inorganic Phosphorus Fractions 
Reductant 2nd 
So f. NaOH HCL Sum 1-P 
Quick Tests 
Ca K Mg 
1 3 4 




"ray 0 I sen 





p (~/10 cm/m2) and as % Sum-1-P ( 




























Green Blade-s Dead Tips 
0.42 0.13 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.63 6.33 13.30 0.41 
-------------------------
129 0.43 1 .32 7.16 8.63 0. 34 
129 0.20 0.75 3.83 1 .63 0.25 
We·i ght of Elements per Shoot (mg dry wt) 
p s N K Na 



















Site No. 130 Site Characteristics 
Loca 1 i ty AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I {m) Class .~ent Rei ief Material Class Classification Soi I Set Map Ref. Date 
National Park 762 E 0 2 p 1 Andesitic 2 Vol i-subalvic Wa imari na N111: 12/70 
m ash over 301-378 
pumiceous 
ash 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.rubra (2), Calluna vulgaris, IPacophyllum longifoliwn. 
Soil Characteristics 
Whole Soil Fractions 
Munse II Texture Consistence Bu I k kg/'!0 cm/m2 x 10 % min. soi 1 PH 
Density >6 mm 6-2 mm "'"2 mm >2 mm <2 mm 
10 YR 2/2 h. 5. 1. 0.85 0 0.24 8.24 3 97 5.1 
V.dk.br. 
Inorganic Phosphorus Fractions 
P[!m 
-1st NH 4CL NH 4F Reductant 
2nd HCL P retention NaOH So f. NaOH Sum 1-P 
-
67.5 1 43 36 0 10 18 108 
Quick Tests 
Ca K Mg 
0 2 3 





No.1 P P 
8 7 
p (g/10 cm/m2) and as% Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
5.52 0.69 1. 24 


































.n_ l] _c:t _n__m 
Shoot Weight 
Green Blades Dead Tips 
..0...-"8--=t~ .A. J.l!--=t A.lE 
£lt!lllent Concentrations in '!iiloot Components (mg/g dry wt) 
p s N K Na 
0.90 :t 0.15 1,]'8 ± 0.28 6.56 ± 0.65 11.11±4.27 0.47 ± 0,07 
-----~-------------------
0.48 .± 0.03 1. 74 ± 0.34 5.76 t 0.39 9-37 ± 0.72 0.39 t 0.04 
0.22 ± 0.03 ]. 1'4 ± 0.29 3.52 ± 0.44 1. 85 ± 0. 56 0.25 t 0.03 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.30 t 0.04 
0.39 ± 0.03 
0.29 i 0.03 
Hg 
0.27 t 0.03 
Wt/L 
(g/cm x 10 J 
LO 
Ca 
C.73 ± 0.10 
0.71±0.13 
0.91 t 0.10 
,. 
Ca 
0.57 t 0.08 









0 Slope 0 

















Classification Soil Set Map Ref. Date 
Voli~subalvic Waimarino N111: 12/70 
304~387 
Physiognomic Species and Crown Cover of Tall Tusso~ks ( 
C. ruhra (2), CaUu1'Ja vulgaris, IPaeophyUwn ZongifoZiwn. 
Munse I I 
10 YR 2/2 
V.dk,br, 
Texture Consistence Bulk 
Density 
h.s. 1. 






Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm- 6~2 mm -~Tmm >2 mm <2 mm 
0 0.14 6.80 2 98 5.4 




NaOH HCL Sum J~P 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No.I- P P 
3 3 10 2 12 12 
P {g/10 cm/m2) and as % Sum~J~P ( 


































Green B I a des Dead Tips 
1.10 0.30 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
13.9 . 6.89 13.90 0.36 
------------ - -- - -
- - -




















0.89 5.0 2.25 
Weight of Elements per Shoot (mg dry wt) 
s N K 
2.39 13.0 19.20 
0.25 0.46 1.19 
• 
Na Hg Ca 
0.58 0.84 1.56 
Site No. 132 Site Characteristics 
Locality AI t. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 Soil Set Map Ref. (m) Class El;ent Relief Material Class Classification Date Collector 
,. 
Tau rewa 732 E 0 2 p 1 Andesit i c 2 Voli subalvic Waimarino N111: 12/70 P.A.W. 
m ash over 304-387 
pumiceous 
ash 
Physiognomic Species and Crown Cover of Ta 11 Tussock_s ( 
C.ruhra (2), Calluna vulgaris, fr>acophyllurn longifoliwn. 
Soil Characteristics 
Whole Soil Fractions 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density ----;;rmrr, 6-2 mm <2 mm >2 mm <2 mm 
10 YR 2/2 h. s. 1. 0.70 0 0.14 6.80 2 98 V.dk.br. 5.0 
Inorganic Phosphorus Fract i ens , 
ppm 
NH 4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
Quick Tests 
Ca K Mg 
1 5 7 










p 2 (s/10 cm/m ) and as % Sum-1-P ( 


























Green B I a des - Dead Tips 
1. 13 0. 30 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.56 6.17 13.60 .0.56 
- ------·------------------



















1.10 6.50 3.50 
Weight of Elements per Shoot (mg dry wt) 
s N K 
4.03 13.93 22.31 
0.28 0.53 1.39 
.. 
Na Hg Ca 
0.87 0.94 1. 78 
Site No. 133 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Elfent Rei ief Material Class Classification Soi 1 Set Map Ref. Date Collector 
I 
Mt Egmont I 494 F 45 20 Hm 5 Andesitic 3 Organi.,. Egmont N119: 3/72 A.P.D. 
L.a. ash over eldeskelous 667.,.638 
andesitic 
lapi 11 i 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.PUbra (3). 
Soi 1 Characteristics 
Whole Soil Fractions Quick Tests Readil~ Soluble Phosehate 
Munsell Texture Consistence Bulk kg/10 cm/m2 x 10 % min. soi 1 pH Ca K Mg Truog Bray Olsen 
so4.,.s 
Density >!i mm !i.,.2 mm <~ mm >~ mm <~ mm p No.I. P p ppm wt 
2.5 YR 2/1 h.s. w,s .s. 0,40 0 0 3.82 0 100 5.0 0 5 5 6 31 41 15 57 
Rd,bl. 
Inorganic Phosphorus Fractions , 
pem P (s/10 cm/m2) and as % Sum.,.I.,.P ( 
P. retention NH4CL NH4F 
1st Reductant 2nd Surface.,.P Occluded.,.P Apatite~Sum""I""P 
NaOH Sol·. NaOH HCL Sum I.,.P 
-
56 I 78 41 13 10 23 166 4.58 0.88 0.87 6.34 
























0.17 f:_ 0.06 
Shoot Weight 
Green B I ades Dead 'fl ps 
0.33 ± 0.10 0.15 f:_ 0.06 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1. 30 ± 0.14 1 ,60 f:_ 0. 50 9.64 f:_ 0.45 15.79 f:_ 1.41 0.65 f:_ 0.19 
________ w _________________ _ 
133 1 . 06 f:_ 0 .15 o. :n ±o. 19 6.81 f:_ 0.43 11.05 f:_ 0.87 0.64 f:_ 0.20 
133 0.49 ± o. 17 0.92 3.0 f:_ 0.39 5.11 f:_ 0.70 0.60 f:_ 0.21 
Weight of Elements per Shoot (mg dry wt) 
p s N K Na 




0.56 f:_ 0.33 
0.38 f:_ 0.03 
0.32 f:_ 0.08 
Hg 
0.26 f:_ 0.05 
Wt/L 
(g/cm x 10 3 
1.1 
Ca 
0.35 f:_ 0.08 
0.42 f:_ 0.07 
0.76 f:_ 0.21 
"' 
Ca 
0.32 f:_ 0.12 
Site No. 134 Site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class El;ent Relief Material Class Classification Soil Set Map Ref. Date 
\' 
Ngamatea Plateau 884 c 5 5 Hm 1 Andesitic 4 Subalvic Taupo N123: 10/71 
m ash over sandy 364-365 
pumiceous s i .1 t 
ash 
Physiognomic Species and Crown Cover of Tall Tuss~~~s ( 
C.rubra (2), Aciphylla squarrosa. 
Munse 11 




Texture Consistence Bulk 
Density 
s. 1. v.fr. 0.70 
ppm 





Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>6-mm---o=zmm-<-zmm >2 mm <2 mm 
0 0.14 6.80 2 98 5.4 
Inorganic Phosphorus Fractions ' 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
6 8 25 182 
Quick Tests 
Ca K Mg 
3 3 10 





No.1- P P 
12 12 
p (g/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
9.72 0.95 1. 70 



































Greeri Blades Dead Tips 
o.83 0.18 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1,34 5.66 11.80 0.36 



















0.99 4.50 2.50 
Weight of Elements per Shoot (mg dry wt) 
s N K 
1. 75 8.04 12.46 
0.16 0.26 0.69 
1iO 
Na. Mg Ca 
0.40 0.39 0.79 
Site No. 135 site Characteristics 
Loca 1 i ty Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Elfent Relief Material Class Classification Soi 1 Set Map Ref. Date Collector 
Littles Clearing, 1 006 D 270 5 Cr 1 Pumiceous 1 Madenti~alvic Kaweka 'N123: 3/71 A.C. 
Kaweka Range. m ash s i 1 t 387-365 10/71 P.A.W. loam 
Physiognomic Species and Crown Cover of Tall TussQf_kj_ ( 
C. rubra (2), fracophyUum filifolium, D. recurvum. 
Munse 11 





Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
Density >6 mm 6-2 mm 42 mm >2 mm <2 mm 
f. s.]. v.fr. 0. 51 0 0.13 4.90 3 97 5.4 
Inorganic Phosphorus Fractions , 
ppm 
NH4CL NH 4F 
1st Reductant 2nd HCL NaOH So f. NaOH Sum 1-P 
1 48 47 3 6 5 110 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate SO -S 
Truog Bray Olsen 4 
P No.1. P P ppm wt 
3 6 2 7 8 15 74 
p (~/10 cm/m2) and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P -- ~Suin-1-P 
4.70 0.44 0.24 5.38 
(87 .3) (8 .2) (4.5) 
Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Weisht Wt/L 
Taxon No. {em) No. Sheath Green B I a des Dead Tips Total {g/cm x 10 3 
C.rubra 135.1 8 78.6 5.87 0.45 t 0,18 1.23" t 0,30 0,16 t 0.03 1.S4 2.3 
135.2 B 98.5 5.83 0.42 1.09 0,22 1.73 1.8 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Hg Ca 
Sheaths 135.1 0.80 t o. 10 1,23 :1:. 0.08 5.65 t 0,57 14,57 t 1,37 0.32 t 0.07 0,18 t 0.07 0.73 t 0.10 
135.2 0.78 1.53 6.50 12.60 0,20 0,32 0.31 
- -
Green 135.1 0.58 t 0.03 1.11 t 0.10 6,62 :1:. 0.48 11,16 t 0,60 0,27 t 0.13 0.17 t 0.06 0.76 t 0.11 
blades 
135.2 0.57 1.42 7.0 10.90 0,14 0.33 0.31 
-- - - - - -- -- - -
-----------
- --------------
Dead 135.1 0.28 t o. 15 1. 26 t 0.40 5.96 t 1.91 5.08 t 2.73 0.24 t 0.23 0.12 t 0.11 1.64 t 0.45 
tips 
135.2 0.87 0.88 7.50 2.38 0.08 0.22 0.50 
Weight of Elements per Shoot (mg dry wt) " 
p s N K Na Hg Ca 
135.1 1.11±0.35 2.09 t 0.65 11.33±2.98 20.79"± 5.64 0.49 t 0.17 0.30 t 0.12 1.47 t 0.52 
135.2 1.14 2.38 12.0 18.17 0.25 0.54 0.58 
Site No. 136 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 {m) Class El;ent Relief Material Class Classification Soi 1 Set Hap Ref. Date 
\' 
\ 
Littles Clearing, 1 022 D 0 10 Cr 1 Pumiceous 1 Hadentialvic Kaweka .N123: 3/71 
Kaweka Range. m ash silt 388-365 10/71 
loam 
Physiognoll]ic_~_pecies and Crown Cover of Tall Tuss_o_ch ( 
C.rubra (3), GZeiahenia aZpinus, Leptospermwn saoparium. 
Hunse 11 




Texture Consistence Bulk 
Density 
f .s. 1. v.fr, 0.39 
P m 
NH4CL NH 4F 
1st 
NaOH 
1 38 38 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soi 1 pH 
>o-mm--D=2!iiiil<Tiiiiil >2 mm <2 mm 
0 0.03 3.84 1 99 5.3 
Inorganic Phosphorus Fractions 
Reductant 2nd HCL Sol. NaOH Sum 1-P 
3 5 5 90 
Quick Tests Readily Soluble Phosphate 
Ca K "Hg Truog Bray Olsen 
P No.1. P P 
0 5 5 1 6 6 
P (s/10 cm/m2 ~ and as % Sum-1-P ( 
Surface-P Occluded-P Apatite-P 
2.96 0.30 0.19 









Tussock Shoot Ph~sical Pro~erties 
Sample n Length Leaf Shoot Weisht Wt/L 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tlps Total (g/cm x 10 3 
C.rubra 136.1 8 88.7 5.25 o.47 t o.oa 1.20 t 0,22 0.13 t 0.07 1.80 2.0 
136.2 B 118,0 5.76 0.70 1.50 0,37 2.57 2.1 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Mg Ca 
Sheaths 136.1 0.81 t 0.13 1,33 t 0.11 5.93 t 0,66 14.19 t 1,49 0. 54 t 0,17 0.26 t 0.07 0.57 t 0.07 
136.2 0.88 I. 57 10.20 13.0 0.30 0.29 0.13 
·----- - -- - - -
Green 136.1 0.56 t 0.05 1 .. 24 t 0.07 6.97 t 0.62 10,80 t 1.28 0.48 t 0.23 0.31 t 0.05 0.68 t 0.08 
blades 
136.2 0.63 I. 58 10.80 10.90 0.20 0.50 0.31 




Dead 136.1 0,21 t 0.03 1.0 t 0.44 4.31 t 0.47 1. 41 t 0.17 0.09 t 0.07 0.14 t 0.07 1.04 t 0.38 
tips 
136.2 0,22 1.92 5.0 3.75 0.11 0.40 0.94 
-
Weight of Elements per Shoot (mg dry wt) ,. 
p s N K Na Mg Ca 
136.1 1 .'09 t 0.18 2.113 t 0. 38 11.66 t 1. 80 19.39 ·t 2.21 0.68 t 1.01 0.52 t 0.32 1.28 t 0. 71 
136.2 1.64 4.18 25.20 26.80 0.55 1.65 0.91 
Site No. 137 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi I (m} Class El~ent Rei ief Material Class Classification Soi.l Set Map Ref. Date 
i 
Makahu Spur, 1 711 D 180 10 Hu 5 Greywacke 3 Eldeclinic Kaweka N123: 3/71 
Kaweka Range. L.a. slope s i It 383~365 10/71 
detritus loam 
Physiognomic Species and Crown Cover of Tall_ T_11ssocks ( 
C.pallens (3), Celmisia spectabilis, C. incana, Hebe tetragona. 
Munsel I 




Texture Consistence Bulk 
Density 





2 166 100 
Soil tharacteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm 6~2 mm ..,z mm >2 mm <2 mm 
0.28 4.77 5.43 45 55 5.3 
Inorganic Phosphorus Fractions 
Reduct;mt 2nd HCL Sum I~P Sol. NaOH 
80 28 138 514 
Quick Tests Readily Soluble Phosphate 
Ca K Mg Truog Bray Olsen 
P No. I. P P 
4 7 25 6 52 54 
. 
2 P (s/10 cm/m ) and as % Sum~J~P 
Surface~P Occluded~P Apatite~P 
14.5 5.86 7.49 









Tussock Shoot Physical Pro~erties 
Sample n Length Leaf Shoot Wei9ht Wt/L 
Taxon No. (em) No. Sheath Green B 1 a des Dead Tips Total (g/cm x 10 3 
C.pallens 137.1 8 51.0 5.70 0.24 t 0.05 0. 59 ·t 0.13 0.06 t 0.03 0.89 1. 75 
137.2 B 61.3 5.26 0.27 0.53 0.14 0.94 1.53 
Site No. 138 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Soi 1 (m) Class Eltent Relief Material Class Classification Sci 1 Set Map Ref. Date Collector 
i 
Makahu Spur, 1 479 D 45 15 T 3 Pumiceous 3 Vol i.......-eldeluvic Kaweka N123: 3/71 A.C. 
Kaweka Range. L.a. sands 5 i lt 384~365 10/71 P.A.W. 
loam 
Physiognomic Species and Crown Cover of Tall Tussocks ( 
C.paUens (3), Senecio bid»JiUii, Podocarpus nivalis. 
Soil Characteristics 
Whole Soil Fractions 
Munse 11 Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil PH 
Density~n 6-2mm <2mm >2mm <2mm 
7.5 YR 4/4 50 1, 0.42 0 0.20 3.95 5 95 5.5 
Dk.br. 
Inorganic Phosphorus Fractions, 
ppm 
NH4CL NH 4F 
1st Reductant 2nd HCL P. retention NaOH Sol. NaOH Sum 1-P 
85 1 38 38 :28 3 14 92 
Quick Tests 
Ca K · Mg 
0 4 7 










p 2 (a/10 cm/m ) and as % 5um-I-P ( 
Surface-P Occluded-P Apat i te.:.P- ---Sum-1-P 
3.04 1.22 0.55 4.81 
(72.8) (12 .0) (15.2) 
Tussock Shoot Ph~sical ProEerties 
Sample n length leaf Shoot Wei9ht Wt/l 
Taxon No. (em) No. Sheath Green B I ades Dead Tips Total (g/cm x 10 3 
C.pallens 138.1 8 55.8 5.79 0.26 t 0.05 o.n t o.11 0.09 t 0.02 1.08 1.9 
138.2 B 69.6 6.08 0.28 0.74 0.23 1.25 2.1 
Element Concentrations in Shoot Components (mg/g dry wt) 
Sample 
No. p s N K Na Mg Ca 
Sheaths 138.1 0.85 t 0.18 1.28 t 0.09 7. 49 t 1. 12 21.81 t 2.20 1.64 t 0. 26 1.25 t 0.21 0.74 t 0.16 
138.2 0.95 0.53 7.38 18.90 1.13 1.03 0.72 
--- - -- -
Green 138.1 0.71 t 0.14 1.28 t 0.07 8.91 t 0,46 13.29 t 1. 29 0. 59 t 0.13 0.92 t 0.06 0.81 t 0.12 
blades 138.2 0.85 1 .45 9.67 10.90 0.50 0.98 0.94 
-- - - - - -- -- - - -----------
- --------------
Dead 138.1 1 .32 3.48 t 0.39 2.55 t 0.43 0.17 t 0.04 0. 57 t 0.11 1.30 t 0.27 
tips 
138.2 0.12 1. 47 2.83 1.0 0.01 0.29 0.94 
-
~lei ght of Elements per Shoot (mg dry wt) • 
p s N K Na Mg Ca 
---
138.1 o. 77 t 0.25b 1.27 t 0.22 8.43 t 1.39 1 5. 52 ·t 2. 70 0.87 t 0.20 1. 06 t 0. 21 0.92 t 0.25 
138.2 0.92 1. 56 9.99 13.56 0.69 1.08 1.11 
Site No. 139 









0 Slope 0 





















Class i fi cation 
Eldeclinic 
Soi 1 Set 
Kaweka 
s i 1 t 
loam 
Map Ref. Date Collector 
N123: 10/71 P.A.W. 
387-365 
Physiognomic Species and Crown Cover of Tall Tusso_c_l<_s ( 
C.pallens (2), fr>acophyllum recu:t'Vum, Senecio bidh!ilUi. 
Munsell 





Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil pH 
Density~ 6-2mm <2mm >2mm <2mm 
5. 1. fr. 0.75 1.95 2.16 3.37 55 45 4,8 
Inorganic Phosphorus Fractions 
~pm 
NH4CL NH4F 
1st Reductant 2nd HCL NaOH So 1. NaOH Sum 1-P 
36 48 31 10 11 137 
Quick Tests 
Ca K ·Mg 
2 13 2 




!!ray 0 Is en 


































Tussock Shoot Ph~sical Pro~erties 
Length Leaf Shoot Wei~ht 
(em) No. Sheath Green B 1 a des Dead Tips 
60.9 5.38 0.19 0.45 0.22 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1,32 0,58 8.17 21.1 0,76 
-----------------------
0.94 1.26 8,50 11.0 0.30 
0.13 1.19 2.50 0.75 0.01 
~lei ght of Elements per Shoot (mg dry wt) 
p s N K Na 
0.69 0.94 5.92 9.12 0.28 
Wt/L 









Site No. 140 








































Soi 1 Set 
Kaweka 
Map Ref. Date 
Nl23: 10/71 
384-365 
Physiognomic Species and Crown Cover of Tall Tussocks ( 









1 52 25 
Soil Characteristics 
Whole Soil Fractions 
kg/10 cm/m2 x 10 %min. soil pH 
>omm--o-2mm <Ymin ->Tiiiiil--<2 mm 
0,40 0.39 4.82 14 86 5.5 
Inorganic Phosphorus Fractions , 
Reductant 2nd HCL Sum 1-P SoL NaOH 
27 12 II 128 
Quick Tests 
Ca K ·Mg 
I 2 4 





No.I. P P 
2 1 
p 2 (s/10 cm/m ) and as % S~m-1-P ( 
Surface-P Occluded-P Apatite-P 
3.80 1.89 0.53 


































Shoot Weight Green Blades- oeidtl ps 
0.82 0.17 
Element Concentrations in Shoot Components (mg/g dry wt) 
s N K Na 
1.05 7.75 20.0 -1.21 
------:....-·------------------













140 ·0.12 1.48 2.83 1.0 0,03 0.36 1.56 
Weight of Elements per Shoot (mg dry wt) • 
p s N K Na Hg Ca 
140 1.08 1.86 10.67 18.40 0.82 1.37 1. 76 
Site No. 141 Site Characteristics 
Locality Alt. Precip. Aspect 0 Slope 0 Land Micro Parent Drainage Sol 1 {m) Class Eltent Relief Material Class Class i fl cation Soi.l Set Map Ref. Date Collector 
i 
Mt Honokawa, 1 311 E 45 35 T 4 Greywacke 3 Eldeclinic Pahaoa N71: 1/71 P.A.W. 




Physiognomic Species and Crown Cover of Tall Tuss~ck~ ( 
C.paZZens {1), LraaophyZZum pyramidaZe, Cebnisia speatabiZis. 
Munsell 




Soi 1 Characteristics 
Whole Soil Fractions 
Texture Consistence Bulk kg/10 cm/m2 x 10 %min. soil -pH 
Dens i ty ~ 6-2 mm <Z mm >Z mm <Z mm 
5' 1. 1. 5.1 
Inorganic Phosphorus Fractions ' 
m 
NH4CL NH 4F 
1st Reductant 2nd HCL NaOH Sol. NaOH Sum 1-P 
1 25 30 20 7 21 104 
Quick Tests 
Ca K Mg 
Readily Soluble Phosphate SO _5 
Truog Bray Olsen 4 
P No. 1 . P P ppm wt 
7 19 2 9 7 16 
p {s/1 0 cm/m2) and as % s'um-1-P { 
Surface-P Occluded-P Apatlte-P Sum- f-P 
























0.13 i 0.03 
Shoot Weight 
Green Blades Dead Tips 
0.41 ± 0.07 9.09 i 0.03 
Element Concentrations in Shoot Components (mg/g dry wt) 
p s N K Na 
1. 58 i 0. 30 1. 38 10.57 i 1. 08 26.02 i 2.76 0.96 ±0.23 
_______ ....;....._. __________________ _ 
141 1.14 i 0.27 1. 44 i 0.17 9.48 i 0.75 14.07 i 0.88 0.63 i 0.08 
141 0.39 ± 0.14 4.90 i 0.66 5.69 i 1.17 0.35 i 0.20 
WE!i ght of Elements per Shoot (mg dry wt) 
p s N K Na 




0.88 i 0.20 
1.23 i 0.22 
1.24 i 1.25 
Mg 
0.63 i 0.23 
Wt/L 
(g/cm x 10 3 
1.0 
Ca 
0.82 i 0.38 




0.63 i 0.13 


